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GEOGRAPHICAL AND GEOLOGICAL DISTRIBUTION OF THE IRON ORES OF THE
UNITED STATES.

BY RAPHAEL PUMPELLY.

The great coal-field of the central United States is surrounded on the north, east, and south by the uplifted
older rocks of the Wisconsin——Michigan, the Appalachian, and the Ozark regions.

This basin and its border contain the fuel and the ore on which and with which the material prosperity of the
United States of the twenticth century must be built, It becomes, therefore, of importance to obtain a general
survey of the distribution of the various kinds of iron ore both geographically and in the geological colummn,

On the extreme edge of the border that incloses the coal basin we find in the north and east tho Archrean
with its immense development of magnetic and specular ores.  Next within this and overlying it is the Canadian-
Cambrian serics, the substructure of the first great longitudinal valley of the Appalachians extending from Oanada
to Alabama. This valley is not less remarkable for its enormous wealth in limonite ores than for the fertility and
durability of its soil, Still farther inward the shales of the Olinton age mark a belt of hematite ore extonding from
central Alabama to and through castern New York, and thence westward across the state. The belt thua outlined
will be seen, on the map, to have a breadth of from 50 to over 100 miles. 'Within if, but less persistent in longitudinal
representation, are deposits of iron ores oceurring—some here some there—in strata of almost every age from the
Archeean to the Conl-measures, and the great coal-field thus iron-bound is itself rieh in carbonate ores, gonerally
oceurring cither as clay iron stone, or as black band, or in places as a forriferons limestone altered to limonite. The
map does not attempt to represent the actual distribution of the ores of the Coal-measures, but only the areas -
within which they were sampled for this investigation,

On the south the Archean rocks come to the surface only in castern Missouri, and they here exhibit a great
development of magnetic and spectiar ores. But they occupy only a small area in the Lroad iron-bearing belt on
the map that stretelies with a breadth of 100 miles or more northwesterly from Alabama to western Missouri.
With the exception of the Missouri Archiean ores this belt consists wholly of later ores, viz, speenlar and limouite
ores of the Camlrian in Missouri, and limonites ou the Subcarboniferous limestones of Missouri, Tennessee, and
Kentucky,

Ou the north, far removed from the coal-fleld, are the extensive and numerous deposits of rich specular aud
magnetic ores of the ITuronian in northern Minvesota and vorthern Michigan., Farther eastward the northern
border is represented beyond our field of {nvestigation hy oves of different kinds, but especially Arvchwan in that
part of the territory of the Dominion of Canada lying north of the great lakes.

Iron in various mineral conditions, and espeeially as an oxide, is among the most widely disseminated of the
elements. It iy a hase with a strong ﬂmmty for the acids most frequent in the waters eirculating in the upper crust
of the earth, viz, carbonic, sulpluric, and the organic, acids. It also has a stronger affinity for oxygen, and in the
presence of tls it forms the nearly indoestructible and—in the ordinary processes of nature—in the absence of
organic matter, almost insoluble sesquioxide, As a se squioxide, in the presence of organie matter, it provides the
oxygen for deecay, and its residuary protoxide is itself disselved by the resulting organie acid, and enters into
cireulation. If the laboratory is a marsl or pond, the iron protosalt is reoxidized at the surface of the water and
returns to the bottom as the higher oxide to again part with part of its oxygen aund again to be dissoly ed as n
protosalt, and this is continued until the organic matter is consumed; then the iron accumulates on thie bottom ag
a hydrated oxide, or limonite, or ¢ hog-ore”.

Rock strata containing orgruic matter and diffused jron oxide have dived through similar processes, except
that the ivon, after furnishing its oxygen to the deeaying matter and forming soluble protosalt with the resulting
organic acid, s entered into more extended cireulution.

The moss common solvents of iron in nuture are carbonic acid and sulphurie aeid; the latter becomes an
important agent in moving and concentrating iron, under certain circumstances, 48 in solffltmc action and in the

3



4 MINING INDUSTRIES OF THE UNITED STATES.

oxidation of pyritiferous rocks like the Devonian shales of Penusylvania and Virginia, But doubtless carbonic
acid is the most general agent. Desides arising from the oxidation of organic matter confined in sedimentary
strata, it enters the earth as an accessory of rain-water, and more is taken up by the water from the decaying
regetable mold; it is also liberated in depth from limestone by the action of chemical processes and enters the
ascending currents, However formed, it becomes an accessory constituent of the water that permeates the rocks,
and, alone or in connection with other agents, it decomposes the silicates and carries off the iron as a bicarbonate,
It follows the channels of flow until it reaches an arresting canse. One such arresting cause, of ultimately great
economic importance, is the carbonate of lime in limestones and dolomites and caleareous sandstones resulting in
the replacement of lime by iron; another, of equal importance, is oxygen, whether at the surface, where the soluble
iron protosalt emerging in spring-water is oxidized to a limonite, or in caverns or small cavities, where it is
oxidized and, parting with its acid, is deposited in successive thin films to form stalactitic and mammillary masses
of hydrated sesquioxide; therefore, when we consider the general diffusion of iron in both detrital and crystalline
roeks, in all sediments and all eraptions, and its remarkable reciproeating relation in the most common and essential
processes of nature, it is not strange that we should find it represented by local acenmulations in the rocks of every
geological age.

How uuulndl {rom an economic point of view, the geological and geographical distribution of concentrated
deposits is, will appear from the following review, and from the columnar chart, and from the statistical tables
accompanying this ehapter:

The survey of the ore- prodncmn' fleld of the United States gives us a pretty good knowledge of the areas
within which future discoveries are to be expected. The great wave of activity in the industry in 1880 and 1881
cansed a very energetic exploration throughout the old fields and into new ones. This resulted in very fow
discoveries in the already produeing distriets. It was made elear that to find new deposits exploration has to go
into new fields Oun Lake Superior the Gogebic distriet in Michigan, and the Vermillion distriet in Minnesota,
already known to contain iron, were actively explored, and railroads are now built into them. The same cause
led to the development of new flelds in the southeastern states:

But the growth of the iron industry, notwithstanding its fluetnations as a whole, is making an enormous drain

upon the productive deposits of ores of certaiu elasses, such as ores of higher grades in iron percentage, Bessemer
ores, cte.
" The producing capacity of mines is enlarged to meet the demand and to diminish the cost per ton; small
deposits beeomo exhausted; the end of medium-sized ones becomes evident, and with the really great ones, which
are also rveally few in number, it is only a question of years. To satisfy the demands, growing larger every decade
for these ores, new fields will need to be found. In a general way we can outliue these for the eastern half of the
United States  TExtensive stretehes of the Archisan highlands, espeeially in Pendsylvania and North Carolina,
promise diseoveries if subjected to eareful magnetic surveys, and the same may be said of the Adirondacks. The
Archman areas north and south of Lake Superior are unquestionably the great fields of future discovery, In the
Michigau-Wisconsin areas the ore-bearing horizons of the Huronian are known to extend hundreds of miles. through
the little-explored wililerness as “iron ranges”™ waiting for the discovery of the richer ore-bodies. This is notably
the case in the region through which the lower members of the Huronian extend to connect the Marquette and
Menomonee regions.  In regard to the ores of (tanadian age, doubtless new Hmonite discoveries will be made in
the “valley” in Pennsylvania toward compensating ithe exhaustion of kuown bodics, But the future field {or ores
of this uge, especinlly specular, is iu the Ozark region of Missouri and Arkansas. With the fossil oves it is only
a question ni a fuw years hefore the hewatites will be exhausted. The world’s consumption of iron and stecl must
increase largely, and the practical exhaustion of accessible rich ores will perhaps be compassed within the life of
the present generation, We shall have then to fall back upon the leaner orves, that is, largely npon the siliceous-
specular and siliceous-magnetic ores, ranging between 30 per cent. and 45 per cent. in iron. Of these there are
vast quantities, though generally remote from metallurgical coal, and especially in the IDuronian of the Lake
Superior iron regions, At present in the cast the maguetites smelted probably do not average above 50 per cent,
in iron, while in Michigan and Missouri they avevage not less than 60 per cent.

Tlmt lower grades of these hard orves find their way to market is shown by the fact that in the census year
there were mined in Pennsylvania, New Jersey, and New York, 336,767 tons of magnetite, more or less siliceous,
carrying below 45 per cent. iron, There were also mined, chiefly in Pennsylvania, 697,283 tons of limonite, mostly
aluminous, carrying less than 40 per cent. iron,

Geologically speaking, the lowest ivon ores are included in the Archman rocks, and of such occurrences we
have a number of fields, The great highland range of mountains that now forms the eastern bulwark of our
continent, as it probably onee formed the western maritime range of a Palxozoic Atlantis, is stoved with bodies of
magnetite from New England to Georgia. Between lakes Ontario and Champlain lies an important Archwean region,
with a variety of magnetic ores. '

On the northwestern and southern shores of Lake Superior the upper member of the Archman contains
numerous and immense deposits of both specalar and magnetic ores.
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IRON ORES OF THE UNITED STATES. 5

The fourth Arch@an region east of the Rocky mountaing, that of Missouri, is very limited in comparison with

the two already mentioned, but it also contains several great ore-bodies.

Irarther west, ore-deposits of various

kinds are known at several points in the Avchwean of the Cordilleras. Tach of the eastern Archwan fields is

SW

ot

Section on line A—B,
ot right angles with plano
of dip and strike.

Surfuce, KA.

Sectlon in plane gf &p and strike.

16, 1.—-8KETCHES TO ILLUSTRATE A COMPRESSED PITCHING SYNCLINAL OF MAGNETIC ORE,

stamped with a marked individuality, not only in its structure and lithological constitution, but also in the habit
of its ore occurrences. The eastern Highland range consists of Launrentian gueisses, syenitic and granitic roeks

and limestones, and its ores are almost exclusively
magnetites. The Adirondaclk-Champlain region con-
sists of Laurentian gneisses, differently arranged
structurally from the Highland range, The Lake
Superior ores are specular and maguetic ores bedded
in the schists of the Iuronian; and the Missouri-
Archean ores are both speeular and magnetie, and
the alteration product of the latter—martite, and they
occurexclusively associated with porphyries and clastic
porphyry rocks, supposed to be of Huaronian age, - And
paralle! with these differences go fundamental differ-
ences in the forms of deposits and character of ores.
In the ITighland range the rocks are stratiform and
tilted, striking northeast and southwest, and dipping
_steeply to the southeast. They form a belt from 10
to 20 miles wide. They consist in New Jersey and
New York chiefly of hornblendic gneiss or syenite
granite, and erystalline limestone. According to Mr,
Smock, of the geological survey of New Jersey, and a
special agent in the statistical part of our census
work, these gneisses are rarely free from magnetite,
and are often sufficiently impregnated with it to form
immense beds of lean ore, and in places workable
deposits.
Magnetite ore-bodiés also oceur occasionally in the
crystalline limestone,
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TF16, 2,—SECTION AT THE HURD MINE, MORRIS COUNTY, NEW JERSEY.
From Geology of New Jersey, 1868,

As stated in Mr. Putnam’s report, in many of the mines there is no sharp plane of demarkation between the
ore and the wall rock, the ore and the gneiss both carrying the same minerals in inverse proportions. In going
from the center of an ore-body outward the gneiss minerals increase as the ore diminishes, the limit of the ore-body
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6 MINING INDUSTRIES OF THE UNITED STATES.

being that at which the ore becomes unprofitably lean. In other mines the demarkation is sharply indicated by
a smooth wall, A marked peculiarity of the ore-bodies of this highland range is in their struetural forms, As will
be seen by referring to Mr. Putnam’s report, or to the publications of the Geological Survey of New Jersey, there
are two well-defined forms: (1) The narrow synclinal, in which the relatively narrow and thin ore-body occupies
the bottom of a syneclinal fold (Figs, 1 and 2). (2) The “pinch and shoot”. In this the single *shoot” is a pod-
shaped body, thick along its longitudinal axis, but growing rapidly thinner toward its edges.. Several of these are
often close together in the same plane of stratification and connected by a thin stratum of ore, a “pinch”. (Tfig. 3).

B
CROS5 SECTION ON LINE A-B.

HORIZONTAL SECTION ON LINE C-0O.
116, 3.—SKETCHES TO ILLUSTRATE TIIR ¢ PINCIL AND SHOOT" STRUCTURE OF SOME OF THE NEW JERSEY MAGNETIC ORE DEPOSITS,

Nore.—The vein of ore is generally relatively much thinner at the pinches than is indicated in the *‘eross-section on line A-B”.  Tho
ore is sometimes entirely “cut out” by the walls coming together.

In both of these the ore-body is of great and unknown length compared with its breadth, which is rarely over
100 feet, and its thickness, which is seldom more than 80 feet, and more commonly less than 30; in both the axial
plane of the body is in the plane of stratification, and in both the longest axis is inclined, generally to the northeast.
This inclination is called “piteh?”, The ore forms thus either a long, trough-shaped body, or a pod-shaped body,
as the case may be, lying conformable o the bedding, butb pitehing in a direetion between the strike and the dip of
the gneise, The ores are associated with quartz, hornblende, feldspar, and apatite, They range from 28 per cent,
to 66 per cent. in iron and in phosphorus ratio from 0 to 3.656. But as a matter of fact the Bessemer ore mined in
New Jersey contained less than 45 per cent. of iron and was produced by only a few mines. -

This Archaean range passing out of New Jersey carries its ore-bearing habit with it into Pennsylvania, wheve
it is known as the South mountain. It has not been as extensively explored foriron ore as in New Jersey and New
York, but the ores occur in a similar manner, although they have a remarkably lower phosphorus ratio, bringing
many of them within the Bessemer limit, This may be due to the fact that, nnlike most of the New Jersey mines,
these are south of the region of glaciation, and the opened portions of the deposits may be still within the zone that
hag been exposed to the action of solvents during geological ages, an action which generally diminishes largely the
phosphorus ratio, As we go farther south along the Archman range we find that the ore-bodies of this age have
generally not been worked sufficiently to show fully their extent and frequency, nor their forms.

In Virginia the Archman ores have been mined to some extent on the James river below Lynchburg, and
farther to the southwest. "The beds containing these ores are considered by Rogers to be probably of Huronian age,
The ores are magnetite more or less altered to martite, and specular ore. The foot-wall is talcose or hydro mica-schist,
and the hanging-wall a quartzite; and as a rule the specular lies next the schist, and the magnetic next ov in the
quartzite. This series of reldtions corresponds perfectly in kind and in order of succession with that of the rocks,
fresh ores, and martite of the Marquette district of Liake Superior. The ore-lenses vary from 1 to 15 feet in thickness.
In iron they range as mined from about 36 per cent. to 60 per cent., and they are very variable in phosphorus, of
which the ratios range from 0.034 to 0.472. Hydrated ores in close proximity to these and contained in the schists
have a high phosphorus ratio. ‘ t :




IRON ORES OF THE UNITED STATES. : 7

Passing into North Carolina, we find the range of Xerr's Lower Laurentian of western central North Carolina

-containing titaniferous magnetites in lenticular bodies. The Tuscarora and the Dannemora are the representatives
-of this class; they have very low phosphorus ratios, but carry considerable titanic acid. In the high range, near
the Tennessee border, the gneisses of the Upper Laurentian carry deposits of magnetite, of whieh the Cranberry
-and Big Rock Creek mines are examples. Like the New Jersey deposits, these ores are mixed with silicates, pyroxene
(instead of horublende), epidote, ete. The phosphorus ratios of these ores are very low, 0.006 to 0.037, Certain
mica-schists, near Danbury, sufficiently impregnated with magnetite to be profitably mined, and becoming charged
with pyrites below water-level, are assigned by Kerr to the Upper Laurentian. Our samples gave a phosphorus
ratio above the Bessemer limit, but the analyses of the washed ore show that washing lowers the phosphorus ratio
to well within that limit. Magnetite oceurs in leu}:icular masses and in workable impregnated beds in the group of
-schists—mica, chlorite, talcose, and itacolumnite—of western North Carolina, which are assigned by Kerr to the
Huronian. They have a very low phosphorus ratio—0.002 to 0.075. -Stratified specular ore oceurs in the Huronian
schists of central North Carolina, - At Buckhorn it was worked with a local thickness of 36 feet, associated with
manganese and garnet rock, These ores were found to be low in iron, and to contain some titanium, but they have
. low phosphorus ratio, 0.043 to 0.070.

One of the most important: among the ore-bearing Archwan fields is that of northern New York. It helongs,
structurally, to the great Canadian nucleal area, and is separated from the Appalachian Laurentian formation by
the Paleozoic rocks of eastern New York. Itis pre-eminently: a region of Laurentian gneisses, and in these oceur
some of the most extensive as well as most complicated ore-bodies on the continent. The forms of the ore-bodies
are interstratified, irregular lenses, in places forming several parallel beds, and lying in simple monoclinals; af
-others, squeezed into the pineh and shoot form, so common in New Jersey, or, again, enormously thickened in the
-enlarged bends of corrugated folds, as at Mineville, Many of the ore-bodies are, like those of New Jersey, largely
mixed with the minerals of the adjoining rocks, quartz, feldspar, hornblende, and in places an excess of apatite.

They are easily clagsified into (1) ores high in phosphorus and low in sulphur; (2) ores low in both phosphorus
-and sulphur; (3) pyritiferous ore usually low in phosphorus; (4) titaniferous ove. .

~ According to Mr. O. L. IIall, the non-titaniferous iron ores belong in the Lower Laurentian, and these divide
-again into an upper horizon with. ores low in plhosphorus, and a lower highly phosphatic horizon of ore. The
titaniferous ores he assigns to the Upper Laurentian, , Where ore-bodies rieh in phosphorus occur near others much
freer from this impurity, the latter are seen to occupy a higher horizon, ag in the Mineville group, where the New
Bed, Barton Hill, and Tisher ITill mines, belonging higher in the gneisses; are low in iron, 39 to 50 per cent., and
-contain abundantly intermixed quartz, but have a very low phos. '
phorus ratio, 0.005 to 0,096, Thesc ores are frequently enviched
by separation to over 60 per cent. iron, for use in the local forges,
‘On the other hand, the lower lhorizon, exemplified Ly the Ol
Bed” and “Mine 217, contains immense bodies of ore of very
complicated strueture. The enormous size of the ore bodies iy
ascribed by Mr. B, T, Putnam, with much soundness of reasoning,
to the spreading apart of the strata in an § fold, and in sapport
-of his view he presents very instructive seetions, One of these
sections is annexed (IMig, 4). .

“0Old Bed” and “Mine 217, practically one mine, shipped
together in the census year 395,864 tons, and their total produes
was then estimated to have been 38,584,000 tons. The ores of

. . . A SECTION THROUGH MILLER PIT.
this Jower horizon are higher in iron, ranging between 57 and 67 MINEVILLE, NEW YORK.
per cent. They have also a very high phosphorus ratio, ranging Fre. 4,

between 0.080 and 2.423. The ores of this lLiorizon owe their ' :
phosphorus clearly to the preseuce’of an unusual amount of apatite, this mineral being in places so abundant in
the ore as to have been mined for its own sake.

South of Lake Superior there is a great Archaman area, extending from the lake southward into Wisconsin, and
flanked on the cast by the Paleozoic rocks of the Michigan basin, and on the west partly by the Lower Silurian
sandstone and partly by the older copper-bearing rocks of the Koweenawan, Tho central part of this area is
chiefly o region of gueisses, with hornblende schists, which by Foster and Whitney were assigned to the Archean,
and later, by Major Brooks, Professor Irving, Credner, and myself have been provisionally considered Laurentian,
Lying nunconformably on this is the great series of schists which occupy most of the area, and ave considered by
the same geologists to be Huronian. This upper series is the great iron-bearing member of the Archwan. At or
near its base is a heavy quartzite. While the iron series oceurs uniformly in the lower part of the Huronian, its
strueture and character varies in different places, In the Negaunee distriet it consists of a lower and an upper series.
The lower is made up of flag-ores, silicious and ferruginous schists, and some argillaceous and talcose slates and
-anthophyllitic schists and beds of diabase. The ores of this lower series contain less than 50 per cent. of iron,
-except where the quartz has been removed and its place taken by rich -limonite..
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The upper series, which is separated from the lower by a bed of diabase, and a thinner bed of chloritic and
talcose slate, contains the rich ores. It counsists of a thick mass of banded iron and ‘‘jasper”, the iron-ore being
pure and the jasper generally colored red ; and this relation and purity is retained throughout and forms an essential
characteristic of the upper series. In places the jasper layers disappear, leaving extensive beds of pure ore; in
others the ore gives way to {he jasper. In places subsequent chemical action has removed portions of the jasper,
while the space thus formed has been filled with limonite in large quantities, as at the Lake Superior mine. The
upper part of this upper series has generally abed of talcose slate, in which the fissile cleavage is wholly independent
of the bedding, and which is impregnated with small octahedra >f martite. The ore in contact with this slate has
the same structure and is impregnated with similar erystals of martite. The upper portion of the upper series
consists of beds of rich ore, often granular martite, with talcose.schists and very talcose quartzites.

In the western part of Marquette county the ore series occupies the same geological position and exhibits &
similar structure, but the ore is to a great extent magnetic, though it is accompanied by more or less important
beds of speeular ore. The relation between the two varieties appears to be such as would arise from an inereased
development, toward the west, of the uppermost beds of the upper series of Negaunee, where, as we have seen,
there are granular martites which once were magnetites. Just beneath the magnetic beds occurs the banded
formation of specular ore and jasper, identical in character with that of the Negaunee district. At several of the
mines the disappearance of the jasper layers leaves great workable masses of pure specular ore, as at the Republic
mine, where the specular predominates over the magnetic.

At thig, the western end of the Marquette connty ore-field, the basin is narrowed to a width of 2 miles before
opening out to form the broad Huronian area of the central part of the Upper Peninsula, The northern edge of
the basin is formed by the iron series which, extending along the northern shore of Lake Michigamme, contains the
great magnetic deposits of the Michigamme and Spurr Mountain mines, The iron series of the southern edge,
containing the Washington, Edwards, Keystone, and Champion magnetic mines bends sounthwest, forming the
southern shore of the lake, and then, with a sharp turn to the southeast, it forms a trough 7 miles long and less
than 1 mile wide. In theloop,at the sontheastern end, the entire lower and upper series are beautifully represented,
culminating in the extensive beds of both specular and magnetic ores of the Republic mine,

It will be seen by reference to table 8 and to the tables of analyses that tlie mines of the Marquette-Michigamme
region shipped 1,346,365 tons of ore ranging from 69 per cent, to 41% per cent. in iron, with phosphorns ratios
ranging from 0.306 to 0.014.

JThe iron-bearing horizon of the Huronian sweeps from the western end ‘of the an*quette Michigamme region
southward through a little-explored country to the Menomonee region, where it forms several great ranges, only
one of which has been extensively developed as yet.

Here it has two extensively-worked orc-bearing lorizons, the lower an immense series, many hundred feet
thiek, of silicions ores, ranging from 50 per cent. downward in iron, and associated with erystalline limestones and
argillaceous and talco-chloritic schists. In this series cccur the large beds and lenses of very rich, soft specular
ore; seme of the mines, as the Chapin and Norway, ranking among the great producers of the continent. Tho
mines in the Menominee region shipped 491,347 tons of ore, ranging in iron contents from 674 per cent. to 333 per
cent,, and in phosphorous ratio 0.285 per cent. to 0.000.

West of the Menominee and Michigamme rivers there is a great area of slate rocks, forming in part the upper
member of the Huronian, This upper horizon, consisting of quartzites, argillaceous and garnetiferaus cliloritie
slates, bears extensive deposits of compact specular ore, which are worked on a large geale on the Paint river and
on the Wisconsin side of the Menominee river. These ores are considered by Major Brooks to be younger than the
upper vich oves of the Marquette district. The mines of this horizon were opening, but had not shipped any ore
during the census year., Its opening mines were sampled, and the analyses show that the phosphorus ratio is muth
too high for Bessemer. The iron in the ore asmined for shipment ranged from 46 to 60 per cent., and the phosphorus
ratio from 0.288 to 0.672.

The prodnct of the whole Lake Superior region during the census year may be classified as follows: -

BY XINDS OF ORE AND ITS COMTENTS IN METALLIC IRON.

Hematite (including the hard speenlar ore of the Marquette region and the soft speenlar ore of the Menomoneo

region): Tons.

Containing over 60 por cont. of fron ............ (vmmes exmmanan e e e e vivneaavaas 098, 813
Coutaining from 45 to 60 per cent. of iron. ......... Wevreeaanan tevres mene amramsenen mmne e anaas 360, 283
Containing nnder 45 per eent, 0 1101, tovuvy vumnis v i can rn it ier e e ae e e e e e s e aeen

Total hematite «vovvnvimenevaannnenn. e e eebmseaaaies s omaan tmemes aaeameas rannn . ) 1, 359, 09-(—3

Magnetite: ) : '

Coutaining over 60 per cent. of 1r0B..eueeioceneiaacas covernicanr nnmececanans Cemees cmmmnnanraas - 148,719
Containing from 45 to 60 per eont. 0F 'O vueeuwarcar creneiataan cesane smns saatn

Containing under 45 per cent. of iron

Total magnetite......ceet cveeiniciicanne oo Ceaeane vamaee teseetaatear e reveraneaas 148,719
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Limonife (i, e., the Negaunnee and allied “soft hematites”):

Tons. |
Coutaining over 50 per cent, of fron...oiiviiviicoriiiiancinen D Crerceriimenn raane 315, 740
Containing from 40 to 50 per cent, of jron ..... B Ceremnnarnen . 14, 167
Containing under 40 per cend. 0f JT00 . ca o n oy o m i et i ia ot catae it e e e e e s
Total limonite. ... .. e s e e e e e 320, 207
Grand total ...l et m e e e A et eae e s mas e mme e enen e anne e annn 1,837,712
BY PHOSPHORUS RATIOS (or coutents of phosphorus per 100 ports of iron),
[ partial classifieation.]
With phosphorus ratio less than .06, ..., ...t eemat ceeth e e aruaaea . Veemeraaee Veerteae e, 187, 806
With phogphoras ratio from 0.05 €0 0.10. oo ee oot ot i i et i e iaees caaen aaaeas 760, Ga3
With phosphorus ratio from 0.10 £0 0,35 o ceer it i r et tiaren taear eirn srnen e eren e aain e aaan T, 817
With phosphorus ratio from 0,50 £0 100 caausiar o irimnr e e et e e e e &, 080
~Total ore ¢lassified. voee cuet i i e it rere s rres e eeeee 1,733, 986
! Total ore nnelassified coooiiiieesciievsvncnanoet N e ere i, 103, 726
Grand total. oo i e i i cr e e a R IO 15 Y B £

And by reference to the graphic diagrams, Plates XXIII and X X1V, it will be seen that the Michigan, i. ¢., the
. Lake Superior, mines produced nearly one-half of all the Bessemer ore raised in the United States. The Menomoneo
district alone produeced over one-sixth of the whole amount. Turther, the Lake Superior mines produced of ore
carrying over G0 per cent. iron, 1,147,632 tons, or nearly 56 per cent, of afl the ore of this grade mined in the United
States; and the ores mined in this region in the census year are estimated to have contained 1,087,600 tons of iron,
or 26 per cent. of the iron contained in the entire census year’s produnet of the United States. At the western end
of the Upper Peninsula of Michigan another extensive ore-bearing field, discovered by Major Brooks and myself
in 1871, has recently Leen opened at the base of the Huronian, With ivtervals the ores have been exposed along
a line extending from a point about 20 miles west of Lake Gogebic to the Montreal river. This region will begin
its shipments in 1885, West of this the same ore-bearing horizon was deseribed about 30 years age by Colonel
Charles Whittlesey, in Ashland county, Wisconsiu, and commonly called the Penokie(«) range. These ores being
undeveloped in the census year were not sampled, They are stated to be high-grade Bessemer’ ores,

The Archman mass that rises near the eastern end of the Oz mountaing, in Missounri, consists of areas of
granitie rocks, which have been consid-
ered to be Laurentian, and of por-
phyries and porphyry conglomerates,
wlich are probably of IHuronian age.
The iron ores of Missouri are associnted
with the porphyries and their conglom-
erates. DMagnetic ores and martite
oceur in porphyry, in & troe vein at
Shepherd mountain, with 654 per cent.

o
i /////,
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% /////;//////'7 /
AT 4«‘/_'7/ 0 ,/
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7 &
iron and 0.020 phosplhiorus ratio; and 7 ’/,/,}//% i
] . s . I
in an immense irregular vein.or mass, L

in places 60 feet thick (M), in decomposed
porphyry, at Iron moantain, where the
great ove-body sends conntless anasto-
mosing veins of ore abounding in erys-
tals of apatite inte the porphyry to
form a reticulated masgs of orve androek
(Fig. §), Through the atmospherie
removal of the decomposed porphiyry,
which has been going on probably since
the Silarian time, the heavy and inde-
structible ore-veins have been left to
form an accumulating mantle of ore
detritus; and thick beds of stratified.
ore, pebbles, and porphyry-clay, avound the base of the mountain, show that the Paleozoie ocean broke upon an
already decomposing porphyry mass,

The ore of the detritus mantle and of the beds at the base of the mountain has lost nearly all of its phosphorus.
through the weathering of the apatite erystals, :

During the census year the produet of Iron mouniain was 144,153 tons, Tive samyples ranged in iron from 59
to 67 per cent., and in phosphorus ratio from 0.008 to 0.674.

£
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16, 5. —8u0710w AT InoN MoUNTAIN, Mi1ssoURt,  From Geological Survoy of Missourt, 1873,

@ Tenokie is an uneorrected typographical error for Pewabic, the Chippewa word for iron. b In 1872,
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Pilot knob is a conical hill rising 662 feet above its base. Itis composed of Ledded porphyries overlaid by
porphyry conglomerates, dipping about 139, Near the top and beneath the conglomerate the hill is traversed by
2 conformably stratified bed of specular ore. There are really two beds, separated by a slate seam 1 to 3 feet thiclk.
The lower bed, 25 to 40 feet thick, is largely of high-grade ore—52% to 59} per cent. iron in two samples, with
phosphorus ratios, respectively, of 0.034 and 0.008, The upper bed is of irregular thickness, rising with a jagged
upper surface into numerous points into the conglomerate. This upper bed, 6 to 10 feet or more thick, is leaner
than the lower. But the sampling shows that it is susceptible of being sorted to produce an ore of 50 per cent. iron,
with a phosphorus ratio of 0.050. At other points in this Archeean area the porphyry contains specular ores in
irregular masses of unexplored extent. On Cedar hill such a deposit carries an extremely hard and brittle specular
-ore, which, however, has 664 per cent. iron, with a phosphorus ratio of only 0.009. It is rather remarkable that
the ores of Iron mountain, Pilot knob, and Shepherd mountain—-all in porphyry—should be free from manganese,

" Highly manganiferous ores occur, however, in places in the porplhyries of this region.

Magnetic ore oceurs in small seams sometimes over 1 foot thick'in gabbro-like rocks of Keweenawan age near
Agate bay, on the Minnesota shore of Lake Superior. Mr. Willis’ sample gave 51.71 iron, with a phosphorus ratio
-of 0,052, ’ :

An examination of the chart giving the geological distribution of the oves will show how generally iron ore in
workable deposits is distributed. There is-scarcely a geological horizon that is not iron-ore bearing in some part of
the United States, or even in the Appalachian region alone. The lowest ores above the Archaean appear to be the
Thematite deposits in the Cambrian. @,

In Virginia, where the Potsdam sandstone (No. I) becomes slaty toward the bottom, and graduates into reddish
and olive shales toward the top, these upper shales contain deposits of hematite, which is silicious and rather low
in iron.

Next in importance to the Archean magnetites of the Appalachian fields stand the limonites, associated with
the Siluro-Cambrian limestones and schists. In the Appalachian region—from northern Vermont to central
Alabama—there is a limonite-bearing belt of national importance. It occeupies the great valley region that forms
the depression between the lofty Archoean chain on the east, and the Upper Silurian ridges that form the corrngated
front of the great plateaun to the west. This great anticlinal depression represents the position of the Cambrian,
-Canadian, and Trenton formations. In western New England these rocks are highly metamorphosed, and form, as
has been finally demonstrated by Professor Dana, the argillites, hydromica-schists, gneisses, guartzites, and
Jimestones of the Taconic. In the central region—in Pennsylvania—they are the magnesian limestones and
interbedded hydromica slates, together constituting Formation IT of the Pennsylvania survey and the Canadian of
Danag, overlaid by the rocks of the Trenton. In Virginia, Formation IT consists of more or less dolomitic limestone,
with heavy beds of chert and variegated and more or less caleareous slates. ‘ '

Trarther south, in Tennessee, Tormation II is represented by the still less metamorphosed sandstones, shales,
:and thick dolomites of the Knox group, Throughout the length of this belt limonite ores have been known and
worked for more than a eentury. They occur throughout the limestone areas in deposits of clay that are the
residuary or leached outeroppings of beds that are interstratified with the limestones or sehists and quartzites. In
this clay the ore occurs, as a rule, in small pieces in concretionary, massive, earthy, or botryoidal shape. When
hollow, as in the concretionary bomb or pot ore, the inner surface is nsnally glossy and black from a film of oxide of
manganese. As arule, the fractures of these, as of the other forms, except the earthy variety, show the silky fibrouy
texture due to erystallization. The bombs, which occasionally contain stalactites of limonite—¢ pipe-ore”—avre filled
‘with soft clay or water. The ore thus scattered through.the clay has to be washed to effect a separation from this.
I believe this is the general character of the ore throughout this long belt. The deposits vary in extent and in the
relative abundance of the ore in the clay. “They also vary as regards the nature of the inclosing-walls, In some
cases, ag at Ore hill, in Connectient, these are both schists; in others, as at the Clove mine, New York, they are
both limestone; in others the ore-body may have limestone on one side-and schist or quartzite on the other. In
some cases, where the bottom of the ore has been reached, it has been found to rest on Jimestone, 4. e., the ore and
.clay deposits were found to have occupied the position of that part of an original limestone bed which lay above the
drainage-level.  Where the walls are of clay this frequently retains the original structure of the schists, to the
Jecomposition of which it owes its origin, and where the schist contained veins of quartz these remain in place.

In some cases, as at the Gridley mine, in New York, ‘“horses” of carbonate of iron occur in the ore deposits, and
ot least in one case, according to Professor Dana, the carbonate shows a stratification quite conformable to that of
‘the neighboring limestones, These limonite oceurrences appear to stand in a close genetic relation to the limestone
and the hydromica-sehists, for they are nob only in close proximity to the limestone beds, but they are, as
Professor Dana has shown, generally confined to those portions of the limestone belt in which the hydromiea.
schists oceur, and they avoid those parts where the schists are argillitic instead of hydromicaceous.

I do not propose to diseuss the numerous hiypotheses that have been advaneed to explain the origin of the
Jlimonite deposits. The view which seems to be advocated by Professor Dana (a) is that these deposits have resulted

a American Journal of Secience and Aris, 1877, 1. 135,
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from the leaching of beds, either of carbonate of iron or of limestone carrying iron carbonates, This view is favored
by the close relation of the deposits to the limestones, and by the occurrence within them of masses of carbonate
.of iron having their surfaces and cracks occupied by limonite as an alteration product. And also by the fact that
bheds of iron carbonate exist and are mined in the Hudson river slates near the Hudson,
-cirenmstances that seem to point to a more complicated origin.

Mr., Prime states that, in Pennsylvania, some deposits have resulted from the leaching of hydromica-schists
and others from that of limestone, and that it is easy to distinguish the one from the other, because the clays
-derived from the sehist are white, while yellow clay is left by the limestone. He says that the ore in the clays
residuary to the limestone are much less regular, and are generally associated with fragments of angular ehert, and
it is here that the pipe-ore oceurs chiefly. On the other hand, the pot- and wash-ore ocecurs most abundantly when
associated with the damourite slate or with the clay resulting from it. . '

In Virginia this formation does not seem to carry as extensive deposits as in Penusylvania and New England,
and the formation itself appears to have suffered less metamorphism, An excellent illustration of the formation.
-of limonite by psendomorphism in mass, so Lo speak, from limestone was observed in some Vircginian localities by
Mr. Benton. In Wythe county the limonite is closely associated with limestone and shales, both of which were
.assigned by Professor Rogers to his Formation II (Canadian). The derivation of a caverncus limonite from a
limestone (a) was observed by Mr. Benton at Hurst bank, in Wythe county, Here a thinly-laminated limestone is
much broken; theinterstices between the laming, as well as the cracks crossing them, are filled with hard limonite;
in a further stage the fragments of limestone, inclosed in the limenite network, become smaller, softened, and
brown; in the most advanced stage the limestone fragments have disappeared, leaving only cavities containing
sandy ocher. Thus the final result is a cavernouns limonite, with its cavities containing the residnary insoluble
impuritics of the limestone.

The hydromica-schists seem to be absent, or at least not prominent, inTennessee, and the descriptions appear
to indieate that the deposits are there more of the nature of those derived from the limestonoe in Peunsylvania. The
great Knox group, corresponding to the Caleiferous and Quebec (Dana), consists of Knox sandstone overlaid by
Knox shales, and this overlaid by Knox dolomites, the shale and dolomite being the Quebec equivalents.

The residuary ridges and kuolls of elay and chert left by the leaching of these rocks contain limonite in nodules,
which generally contain cores of pyrites when over 1 foot in diameter. The proportion of ore to clay, where.mined,
varies from equal amounts down to one-tenth and less, .

Tha conditions all seem to point to the action of several causes; to an infiltration of ferrous solutions, and (1st)
the segregation of the oxide in the clays in some cases, and (2d) its precipitation in caverns in others; frequently
(3d) to the oxidation of pure carbonates, or (4th) the leaching away of lime carbonate from a ferriferous limestone.
In the third of these cases tho limonite would be a pseudomorph in mass, after the siderite, and would have &
stony, not a silky-fibrous, fracture. In the fourth case the tendency wounld be to leave a loose, friable ore, algo
withont any evidence of integral crystallization, The formation of stalactites of limonite is evidence of the
movement of ferrous solutions and crystallization in cavities,

These Lower Silurian limonite deposits yielded during the census year 1,625,523 tons of ore, ranging, as delivered,
between 30 and 58 per cent. metallic iron, and in phosphorus ratio between 0.023 and 3,78, It will be observed by
inspecting the analyses that quite a number of localities produced ores sufliciently low in phosphorus to be adapted
to the manunfacture of Bessemer steel. ‘

The average royalty paid was 47.4 eents, the range being from 8.8 cents to $1 78,

At several points in the great valley in Pennsylvania there occur deposits of magnetie ore, some of which are
of great size, {hat at Cornwall being one of the largest of kunown deposits. They are associated with limestone
Deds and with green schists, and are traversed by trap-masses and dikes. They have been considered to be
eruptive, but the later views and descriptions of Lesley, Hunt, Frazer, and Willis agree as to their non-eruptive
eharacter, : : :

Hunt places them in Roger’s Primal slates, but identifies these with Emmon’s Lower Taconie, and considers
them older than the Potsdam. DProfessor Lesley states, in a communication to me, that he considers these deposits
to have.been oviginally members of the great range of brown hematite depositsin the Aureral limestons (1I), which
have been metamorphosed into magnetites and speenlar ores by the traps.  And he is inclined to place them in
the upper part of the great limestone, Iis exceptional position in regard to the age of these ores is, he states,
influcnced by the fact that the limestone belt contains numerous synelinals of Utica and Hudsen river shales, and
that not only the limestone, but also these overlying synelinals of shales are seen going down beneath the Mesoezoic
formation, and have, as he believes, been mistaken for Primal slates. Professor Lesley’s view of the (erivation of
these ores from the alteration of the brown hematites by the eruptive trap goes also to explain why similar
deposits are not found in New Jersey and Virginia, where the conjunction of traps and brown hematite is wanting.,

The ores arve peculiar in that they contain copper in quantities of some economic importance; also in the
frequent presence of cobalt in the associated sulpharets. They ave also rather exceptional as magnetites, in that
they are very low in phosphorus. Out of twenty-three commercial samples collected by Mr. Willis, in oaly four

But there are many

o Unfortunately no analyses were mado to show to what extent the limestone was ferriferous, if at all,
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did the phosphorus ratio rise to one-tenth of one per cent. If these ores are the alteration products of the brown
hematites, which have a phosphorus ratio almost nniformly above one-tenth of one per eent., the partial climination
of this most persistent element hins to be accounted for.  On the other hand, copper and cobalt occur in the brown
hematites of the upper part of the great limestone. .

The magnetic ore mines of the Mesozoic sandstoue belt in Pennsylvania produced in the census year 402,554
tons of ore, ranging in iron contents from 38 to 60 per cent., and in phosphorus ratio from 0.017 to 0.202,

The only representatives of the ores of Canadian age in the interior of the continent are the very numerous
and important deposits in southern Missouri. Here the lower magnesian limestone of Swallow, to a greater ar
less extent, represents the Canadian. It consists of four magnesian limestones 190 to 350 feet thick, and three
intevstratified sandstones from 50 to 125 feet thick, In this series, but especially associated with the third
sandstone, occur the widespread deposits of specular ores. Many of the ore-bodies are of large size, containing
many thonsands of tons, The ove is on the sandstone, or separated from it by clay and fragments of chert. It is
overlaid by clay, with chert and sandstone fragments, The form of deposit is more or less circular or elliptical in.
lorizontal section. ‘ ,

Throughont this part of southern Missouri the first and second magunesian limestones have disappeared. They
have unquestionably been dissolved away by the action of water and carbonic acid operating continnously on a
region that seems to have been above the sea since Paleozoic times. The result of this action is visible in the great
mantle of residuary clay, chert, and sandstone fragments that cover southern Missouri to & considerable depth.

In the progress of this leaching process the drainage must have been to an enormous extent through
subterranean channels, The ore-bodies are overlaidl only by residuary clay and chert, and give evidence of
considerable disturbance on their outskirts, the otherwise horizontal sandstone strata often bending downward to
pass under the ore and forming a cirenlar outerop around it (Fig. 6).

Z’J#Scmd,( SECTION AT SCOTIA MINE. MISSOURI.
stone 242 Sand-
\'7' stone,
I Lime- Telime .
‘stone.

CL, TWhite Clay, S.H Soft Hernetite, F Flintinsolid layeres,

S Saridstore. HM HordHematite, BS. Droken Sandstone and Flind
StH.  Surdstone with Hermalite,

Fia, 6, ) .

With all the variations of occurrence of the ore-hodies of this region, the conditions all seem to me to point.
to their having been formed in the channels or wells of this downward drainage, through which the surface-waters,
carrying the soluble constituents of the formerly overlying limestones of the group, passed into the still lower
drainage-channels (caves, ete.) of tho underlying limestone; and to the later caving in of the sandstone into these
washed-out cavities was due the distarbance on the outskirts of the ore and the tilting of the surrounding sandstone.
The ore in these deposits is a hard, compact, Dlnish, specular variety; this is their normal character. They are
associated with soft red hematite and sometimes with limonite, which are considered by Dr. Schmidt(«) to be
producets of alteration of the specular ore. Considering the great extent of country that has been subjected to
the leaching process outlined above, it should seem that these deposits of sonthern Missouri must be very numerous
and rank in importance with the limonites of the great Appalachian valley. In the census year there were mined
184,635 tons of ore of this class, ranging in iron contents from 46 to 66 per cent., and in phosphorus ratio from
0.031 to 0.221. .

We have seen that the ores associated with the sandstones of the lower magnesian limestone group are specular
and red hematite. In the second and third magne:ian limestones in southern Missonri there are numerous
occurrences of limonite ores. They are found in regular crevices, pockets, and cavities, from the smallest size to
very large dimensions, either on or very near the surface of the limestone. The surface of the limestone underncath
the ore-bodies is exceedingly irregular, rising into points and sinking into deep holes, and the rock is softoned and
altered in a way that shows it to have been exposed to the dissolving action of water, The ore itself is stalactitic in
structure, and the whole appearance is that of deposits formed in limestone cavities. ‘

Spathie iron ores oceur in the great limonite mines in the limestones of Canadian age, either as residuary portions
of former more extensive.carbonate deposits, or of secondary formation by replacement. This form of ove, which is
rather unusnal in this country, occurs and is worked on a considerable scale in the'slates of Hudson river or Cincinnati
age, near the city of Hudson, on the Hudson river. It has been described by Raymond as forming beds 12 to 16 fect
thick, resembling a fine-grained, dark-gray silicious limestone, Mr, Putnam’s sampling of a stock pile of 2,000 tons
at the furnace gave 41.41 per cent. iron, with a phosphorus ratio of 0.384.

@ Geological Survey of Missouri, 1873, p. 66.
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Next in importance to the Lower Silurian limonites stand the hematite ores of Clinton age-—the fossil or n
dyestone ores.

The persistent occurrence of this ore in this horizon is one of its characteristics; for although it does not oceur -
everywhere in the Clinton, its absence is rather the exeeption than the rule east of the Mississippi. In New ¥ ork,
beginning at the extreme west, we find it absent at Niagara, where the Clinton is represented by only 4 feet of
shale and 25 feet of superincumbent limestone. Going east, already on the Genesee we find 80 feet of Clinton,
consisting of two beds of limestone and two of shale, with a bed of ore between the lowest shale and its overlying
limestone.

Farther east, in Oneida, Herkimer, and Montgomery counties this group is from 100 to 200 feet thick,
consisting essentinlly of greenish shales; the limestones disappear or are represented only by some calearcous b
sandstones; and two beds of ore appear, one 2 feet and the other 13 inches thick. Along the Appalachiun range
the ore of this horizon assumes great economic importance from its proximity to tho metallurgical coal and eenters
of iron manufacture.

In Pennsylvania the length of the line of outerop is immensely increased by its zigzag winding around the
many anticlinal and synclinal folds that corrugate the central part of the state. In this part of the range the
Olinton thickens to over 2,000 feet of greenish shales. In these there oceur several layers of red ove, some of
which are due to the impregonation of sandstone layers, while others aro alterations of seams of ferriferous
limestone. TFrom 1 to 3 feet appears to be the range of thickness of the workable beds. '

The principal ore-beds of the Olinton group, as given for Snyder county by the Second Geological Survey of
Pennsylvania, arve as follows: ¢

“ Sund vein ore”, the highest, which is a fossiliferous limestone, often nearly destitute of iren, but in places rich
enongh to yield 20 and even 40 per cent. iron, usually soft along the outerop and always hard below drainage.

The Danville ore beds, a group of fossiliferous limestone beds impregnated with iron and close together, It is
rare that any one of them reaches a thickness of 3 feot, and all of them are softened o varying nwuher of yards
from the surface down the dip, and in proportion to its gentlencss.

The Block ore-bed, 1 to 12 feet thick, les 150 feet lower,

The highly- estcemed Bir@s-eye fossil ore, 6 to 14 inches thick in the 500 feet of olive shales forming the lower
part of the Olinton group. .

In Virginia and West Virginia, though less explored, the Olinton ores are known to have locally a much greater
development than in Pennsylvania, In the latter state, in Grant, Hardy, and Pendleton counties, they vival the d
deposits of Alabama, and range from 3 to 30 feet in thickness. 1In Virginia, while those ores are generally less than
20 inches thick, they thicken in Lee and Wiso counties to soveral feot.

Here should be ineluded the hematite beds, 12 to 18 inches thick, forming part of the grand antielinnl arveh
at Clifton forge, and belonging, according to 'W. B. Rogers, to the Medina, . In Teunessee, instead of’ 2,000 feot of
Olinton shales, we find from 100 to 300 feet only.*

Near the Georgia line a section given by Sufford represents 136 feet, It consisbs of greenish shales with
numerous caleareous seams, for the most part thin, several of which are altered to hematite, rome of them being
workable ore beds varying from 1§ to 5 feet in thiekness, By folding and faulting, tho outerops are reduplicated
in parallel vidges, and in places brought into the closest proximity fo the conl. The Clinton, passing across the
northwestern corner of Georgia and ontering Alabama, assumes here again great cconomic importance. Beds of ¢
these ores 7 feet thick were worked during thoe consus year, and later discoveries of much greater size ave reported.

At the mines of the Bureka furnace oceurs an aggregate of 34 to 37 feet of ore, ranging from 30 to 54 per cent,
metallic iron, in three beds, separated by 3 feet and 15 feet of sandstone.  Wherever the workiugs have gone to the
drainage-level the ove has been found to give place to a more or less ferruginous limestone. The pevcentage of
metallic iron ranges between 31 and 58 per cent., and the phesphorus ratio from 0.081 to 3,31

Long-continued exposure seems to eliminate some of the phosphorus, for picces lying loose in the soil and ove-
gravel generally contain less than 0.10 per cent. phosphorns to 100 per cent. of iron, The Olinton is knowu in the
interior of the continent as an iron-bearing horizon, only in Wisconsin, Kentueky, and Ohlo.  In Wisconsin the
well-known mines of Dodge county are worked in oue of the finest and most extensive deposits known,  Ilere 14
to 26 feet thickness of ore lies between the Cineinnati shitles and the Niagara limestone.  In Kentueky the oves of £
this horizon are represented and were formerly worked in Bath eounty. The ore is here fussiliferous and more or
less hydrated, so that it is rather a limonite. In Ohio it is kuown in threo counties, and has been somewhat, but
UNSHCCeNS ully, worked, as it iy caleareous and apt to Le lean.

The Clinton ore deposits have in common:

1st. Association with more or less heavily bedded olive shales, which owae their greenish color to fervous silicates,

2d. Occurrence of the ore only above drainage-level, and ehange from ore to more or less ferrviferous limestono
below that level,

At various points, especially in Pennsylvania, and more particularly in Blair county, extensive depusits of
limonite occur in caverns in the Liower Helderberg limestones,
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The next iron-ore bearing horizon is the Oriskany, as developed in the middle Appalachians. In Pennsylvania a
local deposits of more or less silicious limonite oceur in this sandstone in the middle and at the top, and also in its.
associated shales. But the greatest development of Oriskany ores is in Virginia, They ocetwr at numerons points,
and are best represented in the mines of the old Dolly Ann furnace, and at Longdale, on Brushy mountain, and
again at Lowmoor. At these places the ore varies from 10 to 30 and even 40 feet in thickness, and is separated from.
the sandstone by beds of stiff clay. These Oriskany limonites differ from those of the Siluro-Cambrian deposits in
being silicious, while the latter are aluminous. The ore-bearing character of the Oriskany appears to be lest
developed where it is immediately overlaid by the shales of the Hamilton period, where, as in Virginia, the rocks.
of the Corniferous period are absent. The ore ranges from 32 to 52 per cent. metallic iron, and from 0.075 to 2.331
per cent. phosphorus ratio. The samples from the great mines at Lowmoor and Longdale gave, respectively, 43 b
and 44 per cent. iron, and 48 and 52 per cent. iron.

The shales of the Hamilton period contain workable ores in Pennsgylvania, In the Marcellus shales at some:
points, as in Perry county, the ore reaches, locally, & thickness of 12 to 14 feet. It is a loose limonite, imbedded
in clay above the drainage-level, but below that level it changes to a hard, blue carbonate of iron. Mr, MeCreath’s
analyses give 3b to 43 per cent. iron, with a phosphorus ratio ranging from 0.179 to 0.281,

In Pennsylvania the Hamilton sandstone (Montebello) also carries ove often with a thickness of about 2 feet,
and more or less fossiliferous. In Virginia the Devonian shales are highly charged with pyrites, which within the
zone of oxidation gives rise to great amounts of copperas and alum shale, and sulphurous and ch’mlybeate waters,
but the local occurrences of iron-ore are of inferior quality,

The same may be said of the formation in Tennessee, where it is more bituminous and thinner. ¢

A peculiar fossil-ore, very fossiliferous, and known as Mansfield ore, occurs in the Chemung, in Pelmsylvanm,
and has been mined at several points with a thickness of 14 to 3 feet.

. Formation IX—the Catskill—containg some impure ore in small quantities in Virginia.

In Pennsylvania the Manch Chunk red shales (XI) just beneath the millstone -grit, ave topped by a plate of'
carbonate of iron, known as the “Red-ore bed”. This ocours throughout northern and western Pennsylvania, but.
hias been successfully worked only in Fayette county. In Virginia, where this formation consists of red, green, and
yellowish shales, with argillaceous limestones, nodular carbonates of iron also occur. In the interior of the
continent the sub-Carboniferous consists mainly of limestones. In western Kentucky and Tennessee there occur:
large amounts of residuary limonite, resting on the lowest sub-Carboniferous limestone—the Protean of Safford.
It oceurs as pots, strings, pipe-ore, and honeycowb-ore, seattered through deposits of elay and chert often 100 feet d
thick. This is doubtless the insolnble residuary ruin of a great thickness of formerly superineumbent limestone strata..

In Kentucky the sub-Carboniferous limestone on the Kentucky and Red rivers carries on its top a carbonato
ore, known as the “lower limestone ore”, which is sometimes as much as 3 feet thick., It oceurs in jointed blocks,
which are changed to limonite excepting a core of carbonate. In Ohio the sub-Oarboniferons limestone carries a.
good block-ore on its upper surface, which, together with occasional kidneys of ore in the overlying elays, has been
mined in connection with the associated limestone, which was used for furnace-flux, but it does not appear to bo-
sufficiently permanent-and thick to be mined alone.

In central and western-central Missouri the snb-Carboniferous consists of limestones and sandstones, One of
the sandstones, or probably different sandstones, carries a bed of red lhematite ore, varying from 1 to b feet thick.
This varies from highly ferrnginous sandstone to pure ore. Coherent deposits of limonite oceur in the Upper Osage e
river in the Encrinital limestone, and are among the most important sources of 1imonite in the state. They have
the character of ores formed in cavitics in the limestone. An ore-sheet, a few inehes thick, mixed with pebbles,,
and known as Guinea-fowl ore, occurs at points in the Conglomerate XII, and has been mined to a very limited
extent, but is practically worthless,

The ores of the Carboniferous period may e divided into two ¢lasses, viz:  Ores oceurring in the shales; ores.
oceurring in connection with the limestones,

Doubtless the iron-stones of this age oceur coextenmvely with the Coal Measures; but they are known and
more or less worked ouly in parts of the great Carboniferous area. In different counties of Pcnusylmm and Ohio-
these ores oceur at various horizons in workable beds.

The most important known occeurrences of iron-stones in the Coal Measures in Pennsylvania anpear to boe tho 1 §
following:

1. Theferriferous limestone in the western part of the state, antd bulongmg a fow feet below the lower Kittauning
coal in the Lower Coal Measures, This limestone, which varies from 4 to 25 feet in thickness, has frequently its
upper portion, varying from 6 inclies to several feet, altered to limounite, whieh is known as “bubrstone” ore. In
some places thoe ferviferons limestone is replaced for its entire.thickness, 20 feet or more, by ore. TFrequently the
shales just above the limestone also yield *ball-ore”. ’

II. At Johmstown, the “Jolmstown ore-bed”, 2 feet thick, 71 feet above the upper Freeport coal.

IIL In Fayette county there are five beds of lump and flag clay iron-stone within 25 feet below the Dittsburgh
coal. Two more occur overlying the Mahoning sandstone, hesides the Pridevale beds underlying it. There arve
also the Stratford beds overlying the conglomerate.
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a2 The carbonaceous carbonate ore—+Dblackband ?—which has played such an important part in the history of
iron-making in. Great Britain, has been found in several localities in this country—in Alabama, West Virginia,
‘Ohio, and Kentucky. InNorth Carolina blackband occurs with the Triassic coal. In Alabama a 12-inch seam was
worked in the census year. It contained 29 per cent. of iron with a phosphorus ratio of 0.658, and was associated
with a Dlack shale carrying 8 per cent. of iron with a phosphorus ratio of 1.372,

In Louisa county, Kentucky, there is known a seam of blackband 16 inches thick overlaid by 15 inches of
black bituminous shale. It is known at several points in West Virginia. Mr. S. P. Sharples gives the analysis
of a raw blackband from o persistent seam 9 miles from Charleston, in West Virginia, viz, 31.46 per cent. iron,
.41 sulphur, and 0.25 phosphorus. ' ‘

b  Mr. Proctor, of the Kentucky survey, states that the Coal Measures of the Western Coalfield contain persistent
beds of ore of workable thickness, sometimes 6 feet thick, and carrying from 35 per cent. to 42 per cent. of iron in
4he nuroasted ore.

With one or two very slight exceptions, all the ore now mined in Ohio comes from the Lower Coal Measures,
There are three important horizons of carbonate ores, the working thickness of which over large aveas is often 6
feet with local swelling to 18 or 19 feet. These horizons are, according to Professor Orton—

1 Upper Treeport coal; the main blackband horizon; here belong also clay band ores.

2. Torty feet below Lower Mercer, interconglomerate limestone; confined to southern Ohio, {*Ilag ore,” #Boggs
‘OI'G."]

3. Sharon coal; interconglomerate blackbmnd
¢ XKidney ores are mined at various points in Ohio. They are scattered through the shales and five-clays of 5 or
6 tolerably well marked horizons, in some of which they are quite persistent, viz:

1, Upper Freeport limestone, in southern Ohio.

2. Lower I'reeport limestone, in sonthern Ohio,

8. Kittanning shales, between Kittanning coals.

4, Terriferous limestone and Clarion coals.

5. Putnam Iill limestone, in southern Ohio.

The ferriferous limestone, celobrated for its « bubirstone” ore, in Pennsylvania, is equally important in southern
‘Ohio, where, in the Hanging-Rock district, it carries in its upper portion 6 to 12 inches of more or less alteu‘d
-carbonate, known in Ohio and Kcntubky as ‘limestone ore”,

4l  Reviewing these horizons as observed by Professor Orton, from whom I have taken the notes on the Ohio

ores, we find them to number twelve, distributed through the Lower Coal Measures, and mngmg from the Sharon
coal to the upper Freeport, viz:

Upper Freeport coal.

Upper Freeport clay.

Upper Freeport limestone,

Lower Freeport limestone.

Kittanning shules.

Ferriférous limestone.

Putnam Hill limestone.

2 . Upper Mercer limestone.

Mereer shales.

Above.
‘ Below,

Interval between Mercer and Sharon groups, Sharon coal.

A hematite oceurs in layers of coucretions in the inclined beds of the, Trias in Moore county, North Carolina;
and in Chatham county of the same state, a seam of blackband, 18 inches thick, forms the roof of a seam of
Tringsic eoal, and, with black shale, the floor of another. It carries 21 per cent. of iron, with the remarkably low
phosphorus ratio of 0.080. The shales above the coal-seams also contain earbonate ball- oru.

In the deposition of the great lignitic groups of the Cretaceous west of the Missouri river conditions existed
£ similar to a great extent to those which snrrounded the formation of the older Coal Measures; and we also find
clay-ironstone nodules in the fire-elays that aceompany the lignite.

In some places, according to Mr. Putnam, where the fine shales have Leen removed by waste, and espeeially Ly
wind, these nodnles remain as a vesidoary, sometimes workable, deposit on the surface of the plaius.

In castern Maryland, from north of lmltmlom to mear Washington, District of Columbia, there is o long line of
small mines, which hd.\'b produced elay-ironstone nodules more or less altered to hematite and limonite. These
nodules oceur in a stiff clay, probably of Mesozoic uge. These ores range from 36 to 48§ per cent. iron, and in
phosphorus ratio 0.065 to 0.399. The basaltic rocks of the Cascade range exposed to the immense rainfall and
Inxuriant vegetation of the northern Tacific coast have contributed to the formation of very extensive deposits
of bog-ore. That such deposits were forming probably during the Tertiary period is shown by the Prosser mine
. near Portland, in Oregon. Here a bed of limonite 6 to 8 feet thick, still showing in places more or less the texture
of bog-ore, and containing roots and trunks of a former forest-growth, lies upon a bed of basalt and is covered by

Lower Mercer limestone {
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many hundred feet of more recent basalt, the whole dipping about 100 to 200 to the wes,twa-fd. Two samples gave a
44,71 and 54.19 iroh, and phosplorus ratios respectively of 1.490 and 0.728, Part ot the bed is altered toa compact
mineral-like brown pitch stone, containing 30 per cent. of iron. Similar ores are forming to day in the great marshes
frown the chalybeate waters drained from the decomposing basalt of the Cascade range,

Limonite in several varietics, especially bog-ores, occurs in deposits of recent age at many points in the Atlantic
states, While this class of ores contributed nothing to the iron industry in the census year of 1880, they were of
relatively great importance in the early period of American iron-making. As there can be little doubt that they
will become useful ores under the processes of the future, they must count us prospective elements of the national
wealth.

It was my original intention to combine with the special canvass of the statistics of the mining industries
east of the 100th meridian a more special study of the iron-ore resources of the country atlarge. The whole b
organization of the work was framed to include this investigntion by separate observers, and nearly all the field-
work was actually finished, when the inadequaey of the census appropriation necessitated an extensive contraction
of the plan, Commereial and differential samples had been fully éollected of the ores of all mines excepting tha
earbonate ores of West Virginia,

Thoe original intention of extending complete analyses to the ores of all large mines, and to all others in whu,h
for various reasons such analyses might be supposed to have a metallurgical value, was also ab'mdoned and the
complete analyses were stopped at tho point ab which they had alvcady arvived, with some important cxcoptmnb.
The seope of the partial analyses was also thenceforth limited largely to the determination of iron and phosphorns.
The plan of studying the structural features of the ore-deposits and their genetic phenomena was the one that I
gave up with the greatest reluctance; for in o statistical survey of the resources of the United States in iron-ore an ¢
approximative result can be obtaived only after obtaining light on & few fundamental points, and especially the
following:

1. In the Archican oves are the “pods” of the ITighlands and the “lenses” of Michigan simply isolated masses,
of rave vecurrence, and in widely-separated horizons, or do they occur grouped near together, in places in overlapping
lenses, in others scattered nlong tho same straight or folded plane of bedding, and separated only by greater or
less stretehes of “barrens?” or “pinches”?

. Regarding our next great reliance for the future—the limonite bodies of the great Appalachian valley—are
they limited as ore-producers to the present region of drainage, or has the oxyhydration or mineralization, as the
case may be, extended to a greater depth, dependent either upon some former drajnage conditions or upon some
process acting independently of drainage? : d

And do these limonite bodies in depth change to corresponding rich parent bodies of carbonate of iron, or to
carthy carbonates containing iron, which remains as an insoluble residuoe after the leaching away of the formor;
or, again, are they in some instances produced mainly by the reaction of iron-salts upon limestone, and in others
bv the rapid decomposition of alkaline hydromica-gchists to elays, in which the iron from the decomposed silicates
segregates to form fragmentavy limonite? Similar fundamental questions remain to be solved with reference to
the great specular deposits of Missouri, and, to a certain extent, nlso, with regard to the “fossil” and related oves.
This investigation will doubtless be carried ont by the National Geological Survey, within whose domain it {alls,
But, although much curtailed, there still remain enough results from the sampler’s notes, the laboratory work, and
the statistical canvass proper to classify vory clearly the iron-ore flelds and the ore-product of the census year
according to its richness in iron and its content of phosphorus, and to present the.industry in its broader cconomic e
aspects. This I have attempted to do by means of the following tabnlar and graphic statements, whiclh, with thoe
exception of plates VII and VILI, were calenlated and drawn up by my assistant, Mr. Bayard T. Putnam:

They are:

Plate VII~Map of the United St&tcs, showing the geographical distribution of the iron-ore fiélds, (Faces p.3.)

Plate VITI—Chart showing the geological distribution of the iron ores in each state. (Faces p. 4.)

Plate IX.—Diagram showing the relative values of the ore mined in each state in the census year.

Plate X—Diagram showing the relative amounts of ore mined in each state in the census year.

Plate XT.—Diagram showing the relative amounts of the several kinds of ore mined in the United States in
the census year. This is a graphic presentation of the totals of table 7.

Plate XIT.~-Diagram showing the relative amounts of ench kind of ore mined from cach geological horizon in &
the census year. This is a graphic presentation of the totals of table 6. - .

Table 6.—Table showing the amount of each kind of ore mined from cacl geological hiorizon in each statein tho
census vear, The totals of this table are graphically presented in plate XIL

Plate X{I7.—Diagram showing the relative amounts of each kind of ore mined in each state in the census
year, This is o graphic presentation of tablo 7.

Table 7.—Table showing the amounts of each kind of ore mined in each state in the census year. Tho details
of this table are shown graphically on plate XIII, and its totals are shown graphically on plate XL

Plate XIV.~Map of the United States, showing by different intensities of one tint the relative amounts of ore
mined in the census year, A star on this map indicates the “center of ‘total production of iron ore in the census
year®”, (Seo p. 87.) . .
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. a Plares XV to XXI.—Maps of different portions of the United States, showing by different intensities of one
tint and by figures in different colors the relative total amourts of ore and the relative amounts of each kind of
ore mined in each ore-producing county in the census year. These maps exhibit graphically the data contained in
table 8.

Table 8.—~Table showing the amounts of each kind of ore mined in each ore-producing county in the census
year. Plates XV to XXI exhibit these data graphically.

Plate XXII—Diagram showing (@) a classification of the ore mined in the United Stales in the census year
according to kind of ore and its per cent. of metallic iron, and (b) a classification of the total metallic iron in the
ore according to kinds and grades of ore which contained it. These diagrams are graphic representations of the
b data contained in table 9.

Table 9.—Table showing (a) a classification of the ore mined in the United States in the census year according
to kind of ore and its per cent. of metallic iron, and (b) a classification of the total metallic iron in the ore according
to kinds and gracdes of ore which contained it. The data in this table are graphically presented in plate XXII,

Table 10.—Table showing a classification of the ore mined in each state in the censns year according to kind
of ore and its per cent. of metallic jron. The totals of this table are recapitnlated in table 9, and are presented
graphically on plate XXII.

Table 10 a.—Table showing a classification of the metallic iron contained in the ore mined in each state in the
eensus year according to kinds and grades of ore which contained it. Thig table is calculated from table 10. Its
fotals are repeated in table 9 and appear graphically on plate XXIT.

4] Table 11.—Table showing a partial classification of the ore mined in each state in the census year according to
kind of ore and its phospliorus-iron ratio,

Table 12,—Table showing the amount of each kind of ore mined in each state in the census year having a
sufficiently low phosphorus-iron ratio to be classed as Bessemer ore. These facts are presented graphicallyon plates
XXIII and XXIV.

- Plate XX IIT.—Diagrams showing (a) the relative amount of Bessemer ore to the total ore product in the
census year, () the relative amounts of the different kinds of ore i the RBessemer ore product, and (¢) the relative
amounts of Bessemer ore mined in each state. These are graphic presentations of the facts contained in table 12,

Plate X XITV.—Diagram showing the relative amounts of the different kmds of Bessemer ore mined in each state
in the census year. These facts are presented also in table 12,

d Talle 13.—Table showing the royalties paid on the different kinds of ore in each state in the cengus year.

PLATE VIL

Plate VII is intended to represent the orve-fields of the country to the extent to which they have been shown tor
be workable in the past. TFor this purpose the range of the ores is represented by colors selected for the different
kinds. Only the limits are represented within which the ores have been proved to exist in more or less sporadie
deposits. The progress of the iron industry will extend the limits of these colors to a greater or less extent, but
within areas (east of the 100th meridian) which ean now be tolerably well defined, as I have stated on page -
Notably by far the greatest extension will fall to the coloring of the ores of the Carboniferous. But the extension
€ which can safely bo predicted for the coloring of the Siluro-Cambrian ores in Missouri, and the Archean ores on
the sonth and north suleq, of Lake Superior, will be of vast national importance.

Also, the map shows, by the-dots in the ore-fields, the proximate position of the mines, or groups of mines,
whieh were working or were sampled duriug the census year.

One of the most salient facts on plate VII is the lack of any relation between the area of an ore-field and its
production; there is also no relation Letween its area and its capacity for production. Thus in Michigan, whose
ore-product represented 23.04 per cent. of the total quantity, and 26.05 per cent. of the total value of the ore-product
of the whole United States, the area of the ore-fields is so small as to almost eseape observation on the map, On
the other hand, Pelmbylvwnm, with a little larger percentage of quantity—27.4 per cent.—and a little smallew
percentage of vmlue— 23.8 per cent.—is represented by areas aggregating perhaps nearly 300 times that of the
£ Michigan ove-fields, as represented on the map. Again, of the ore mined in Pennsylvania, more than one-half the

quantity came from small colored areas in the southeastern counties, aggregating less than one-fiftieth of the total
area eolored as the ore-fields of the state.

In seeking the explanation of this fact we find two causes:

Tirst. Although onlythe Coal Measure areas within which the carbonate ores occur have been worked are color ed,
their {int covers an immense region. Bub owing to their low percentage in iron and the necessity of drivin g nﬂ
the carbonic acid, these ores contributed only about 11% per cent. of the total ore tonnage and probably less thau
7 per cent, of the value.

Second. The ores of the Carboniferous and Upper Silurian formations lie horizontally, or nearly so, in beds from @
few inches to a few feet—rarely 5 feet—thick., Thus the capacity of each mine is only a few thousand tons—five-
to twe}lty thousand—per acre. On ihe other hand, the great ore resources of the Siluro-Cambrian, and, in a
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much greater degree, of the Archaan formations, are concentrated into deposits of enormous contents underlying a
small areas,
_PLATE VIIIL

I have had plate VIII compiled to accompany my remarks on the distribution of the iron ores in the various
geological formations of

The compilation has been made by My, Willis {from the reports of the various state geclogical surveys, as well
as the difficulties of the case will permit, and will, I think, on the whole, be found correct.

Instances of disputed horizons will e observed, notably the magnetic ores of Pennsylvania that underlie the
Triassic sandstone, and are traversed by the traps, and which are in the chart assi gned to the Lower Silurian. b
The reasons for this are given in the toxt.

The position assigned to the spathic ore of Roxbury, Connecticut, is also very doubtful,

The known ove deposits of the tive greal varietics are 1’01)1‘esented, and where any of Lhe. varieties were mined
in the state during the census year the tonnage is given.

PLATES IX AND X.

An examination of plates IX and X shows that of the nearly 8 ;006,000 tons of ore, with a spot value of a little
over $23,000,000, nearly one-half the amount, and over one-half thc va.]ue, wag produced by the two states of
Michigan and Pennsylvanin, and that while Pennsylvania produeed the larger part of the tonnage, Michigan is
credited with the larger part of the spot value.  New York comes third, and New Jersey fourth, both as to tonnage ¢
and value; and these fonr states—Michigan, Pennsylvania, New York, and New Jersey—together produced more
than three-fourths, ory more exactly, 78.2 per cent. of the tonnage, and 75.8 per cent, of the spot value.

Mr. Putnamn has tabulated the data contained on these plates, udding the average spot value of the ove of
each state, the percentage contributed by the mines of each state to the total metallic-iron product of the United
States, and the relative position of cach state, first, in the order of tonnage; sccond, in the order of total valuey
third, in the order of porcentage in metallic iron; f()urth, in the order of the averago spot value per ton. Four
columny have also been added showing for the Bessemer ore product of each state the tonnage, its ratio to the
national product of Bessemer orve and to the state’s total product, and the order of the state according to the amount

of Bessemer gre mined: d
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Georgine e eeesaeenes 01,410 1,147 143, 622 0. 621 410, 004 1, 140 )i 81, 87 1461 14 11 Tiee..! 18
Indinpa, cevan ionnn 518 0,007 LO018 | 0.004 ) . 231 0,000 || 46, 00 1908 | & 28 28113 to 18 ...} 13
Kentueky coannnne. 4, 800 0,813 165, 005 0,714 20,943 0,645 |} 40. 04 BN 266 12 11 13 20 1.... ]
Maing covveeiennns 6, 000 0. 075 9, 000 0. 030 2,700 0. 060 || 45. 00 6, 000 0.28 | 100.00 i 1 50 {18 17 1| 1Mto18| 7 1%
Muvylan@ aoaunn.. 130, 628 1,751 421, 601 1. 820 50,100 | | Lo440 || 4239 |[ocneenns I SOV SN 302 9 8 0 19 ... 7
Massachusetts..... 02, 637 0,785 226, 130 0. 4977 48, 187 0,000 |1 45,00 || eercentvnsfamensme [ernnnans 36113 0 12§18 to 18 |..-. b
Michigan .co..o.... 1,887,712 [ 23.044 G, 034, 048 | 26,0061 1, 004, 814 26,708 (| 50,57 048,580 1 43.47 | GLGL [ B 28| 2 1 1 2] 1 . [}
Missomwi. ..oeuna ool 386,197 4, 843 1,074, 870 7800 241, 700 6. 078 |} 60, 0L 987,080 | 13,20 T450 [ 483 6 ] b 1 ! 4 P
Now Jers0y.eeeve.. 767,872 0.407 2,010, 442 | 12,004 400, 653 0,961 i} £3.73 114, 841 6,20] 1516 3 84| 4 [3 4 b ’ 5 4
New York......... 1,262,127 | 156,827 3,654,872 | 15776 681, 584 16, 680 (| b3, 09 360,821 | 16,55 2858 28D 3 3 3 4; 8 8 -
North Caroling ... 3, 318 0. 041 B, 285 0. 023 1,816 0.044 || 65.03 2, 802 0.13 ] 8G6.25 1 1 50|20 20 18 310 17
[0) 1113 SRR M7, 400 6. 804 1, 209, 530 B, 480 211, 452 BTT [188.02 foeiineiiiieaarenniforvensen PR G 6 2 4....| 18
016800 irnnnivnnns 4,072 0. 087 4, 600 0. 026 8,187 0,077 45 L A P 67 | 17 21 il to 18 ...t 23
Pennsylvania ... 2,185,076 § 27,407 6,517,070 | 24,817 089, 806 24,928 1} 45,28 448,874 20,50 | 20.6L ) 2562 1 2 2 n| 2 1,
Tennessee ......... 104, 465 1.310 147,181 0. 038 52, 803 1204 | £0. 59 - 6,600 0,26 5,80 | 1 41|10 13 10 g 8 N
ToXaB ciecaaaiannns 3, 600 0. 040 8 100 0. 033 1,620 0,040 {1 45,00 | veuneeianifivarvani]oennnan 225110 18 20 | 13 to 18 |... 14
Vermont..o..oo.o.. 6CO 0. 007 2,750 0,012 262 0.008 |1 45,00 {|eevenevine]inennens ceeeees || 4 D122 2 92113 to 18 L. 1
Virginin .canv o 18%, 820 2,280 489, 880 1. 889 86, 700 2,126 i 47. 00 6,160 0. 28 3.87H 2410 8 1 8 w| 6 11
West, Viriinin. ... 01, 210 0,707 01, 057 0. 394 2,214 0.508 || 37.02 B T L eesdll 1 48| 14 15 14 2 .- 20
Wisconsin, ........ 41, #0 0,519 78, ()00 0. 810 21, 784 0. 633 } 52, 60 176116 |7 P
The United States.] 7,974, 806 | 100.000 || 28, 166, 937 | 100,000 || 4, 085,418 | 100,000 ‘l 61,22 |1 2,181, 227 | 100,00 {....... 2.00 L....
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a Among the several factors that enter into the causation of the differences in the average value of the ore at
the mines, the most important is the proportion of Bessemer ore (see plate XXIII) in the product of each state, and
-the relative average richness of the state’s total produet in metallic iron,

Ohio produced only the rela.tlvely low-grade ores of the Carboniferous, and no Bessemer ores, and while her
tonnage was 6.864 per cent. of the total tonnage, its valne was only 5.480 per cent. of the total value.

On the other hand the product of Missouri was of high grade hematite, nearly three-quarters of which was
Bessemer ore; and while Lier tonnage was 4.834 per cent. of the total tonnage, its value was 7.230 per cent. of the
total value.

The importance of this cause is shown, perhaps best, in comparing Ohio with Michigan. As we have seen,
b Ohio’s tonnage percentage was 6.846, and value percentage, 5.480; on the other hand, the high-grade product of
Michigan, one-halfof it Bessemer, has a tonnage percentage of 23,044 and value percentage of 26.051, notwithstanding
the fact that its product has to be carried over 600 miles by rail, water, and again by rail, to the fornaces of Ohio,
Tlinois, and Pennsylvania.

It appears from the above tqble that the first, third, and fifth rank, as regards average spot value of the ore,
belongs respeetively to Vermont, Connecticut, and Massachusetts. The aggregate product of these three states
was less than 100,000 tons, or about one-eightieth of that of the country at large. The high valuation is due partly
to the fact that these ores have a special value for car-wheels,

Missouri occupies (after Vermont) the first rank for average spot value, partly because she worked in that year
only her richer hematite and magnetite mines, thus taking highest rank for average per cent. of iron in ore, and
¢ partly because three-quarters of the product from these mines was adapted to Bessemer; butthe high avernge spot
value was doubtless due mainly to the fact that the owners of Iron Mountain, the largest producers, maintained a

high price for their ore.

New Jersey ranked fourth in average spot value of ore, although among the producers of Bcbbemm ore she

ranked seventh as regards proportion of Bessemer to non-Bessemer ore, and fifth as regalds total product of
‘Bessemer, and fifth in point of average percentage of metallic iron.

It is notmemble that while New Jersey ranked fourth as to amount of ore mined, it ranked fourth also as to
total value, as to amount of metallic iron in the ore-product of the state, and as to average spot value of the ore;
and she ranked fifth as to average per cent. of metallic ivon in her ore, and also as to the amount of Bcsbemcr ore
mined.

@ New Jersey ranked below her ne1g11b01 New York, in every one of these points, except the average value of

_the ore, and here she ranked fourth while New York stood eighth. The difference (New York ores averaged $2 89

as against $3 84 for New Jersey) was due to the proximity of the New Jersey ores to the anthracite fields.

The effect of geographical position on the average spot value of the ore is shown more clearly in Michigan. This
state ranked first as to total spot value of ore, first as to amount of metallic iron contributed by its ore product,
first as to nmount of Bessemer ore mined, She ranked second as to average percentage of iron in the ore, which
containe 59.57 per cent. iron as against 60.01 per cent. in the Missouri 010 which ranked first, With all these
great advantages, she ranked sixth in point of average spot value of the ore.”

On the other hand, the value of these advantages of quality is shown in the comparison of Michigan with
Pennsylvania. The latter state, which ranked first in tonnage and second in total value and in amount of metallic
¢ iron confributed by its ore, and second also as to quantity of Bessemer ore mined, but being sixth as regards tho
ratio of Bessemer ore to non-Bessemer, and eleventh as to average percentage of iron in the ore (45.28 per cent.), it
i8 not surprising to find her ranking tenth as to the average spot value of her ore—8$2 52 as against $3 28 for Michigaa.

High percentage iniron and qualities that meet the requirements of special demands, especially a low phosphorus
vatio, ave the conditions that raise the spot valne, while cost of transportation tends to lower it

PLATE XI.

(!

Plate XI exhibits graphically the relative importance of the different varieties of the ores, and shonld be
examined in connection with plates XII and XXIIL.

£ The magnetites, mainly Laurentian (plate XII), form 29.975 per cent of the tonnage, and contain 32.178 per
cent. of the total metallic iron (plate XXIT),

Next, the limonites, mainly Lower Silurian, form 26.950 per cent. of the tonnage, and contain 24.319 per cent,
of the total metallic iron.

- The third great factor, the hematites, mainly Huronian, with 23.791 per cent. of the tonnage, contain 27.717
per cvent. of the total metallie iron.
The low-grade carbonate and derivatives, almost wholly from the Coal Measures and sub-Carboniferous, form
11.563 per cent. of the tonnage and contain 8.593 per cent. of the total metallie iron.

And the ¢fossil” ore, wholly Upper Silurian, form 7.717 per cent. of the tonnage, and contain 7,193 per cent of
the total metallie iron. .
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It shows that there were mined of the five great varieties of iron ore as follows, as represented in the totals of a

table 7:
Ores, Tons, | Tor, cont. of
Magnetite ...oveeeeee, se.o.ee| 2,850,880 20,976
Limonite. 2,140,417 26, 062
Homatito .. 1,807,218 23,701
Carbonate.. 922, 288 11, 565
Trogall.ciieiiininnnacacccnann, 616, 484 7.7
Total scueer vunenn vnntan 7, 074, 800 100. 000 b
TABLE 6.—Iron ore mined in the census year, by geological horizons, by states and by kinds,
[Compare with plate XTI for the graphie presentation of tho totals.]
. LAURENTIAN, HURONIAN, LOWRER SILURIAN.
States.
Limonite,| Hematite, | Magnetite.] Total. [Timonite,| Hoematito, Mrugnet.it_o. Totnal, Limonito. | Tomatite, | Mrgnetite.| Total,
Tona, Tons Tone Tong. Tons, Tons, Tons. Tona.
AlADOAIOR < cacensnanenas [ [ [ S P 110,008 |vaannsesns vevereaennas] 110, 608
L0 B T3 3 N ) PO P . P N I PR 85,018 85, 018
Delaware .oceeeeaneenn|. T RN S £ R P AN PR
[e2:113 714 . TR vener{vannamsasslenvansrmnesilerescernonasloanaecrannenl|emnnncnnac|oonorsenannn erunavsenac]amauancacnns 44,810 Jeamnuriie s fonaiicnnnnn, 44, 210
EKentueky «oonveveancanfe
Tudinnf. .. coanenanvrnss
B.Y (35 117 1RSI PSRRI G PN DERDURITN | RN
Maryland «....o.... Alernaana, 04,700 [1ennnn v 218 04, 678
Massachngebts. o oveenns cllserranennaliamanne ST SR [ N [N 02, 687
Michigan ....... vewnan 320,807 | 1,800, 006 148,710 | 1,887,712 ...... S N (Y PSR
Missourl.c.onn. venmes [N 201,480 laveininnann 201, 450 118 184,885 | ccenvnenn.| 1B, 74T
Now Jer80¥essrovnenans [T N 741, 804 741, 804 15,808 [aeeeneanunn [ 15, 508
New Torkeseeesssusncsfoccannennforaninnenas 927, 062 927, 062 145, 550 04,700 [veeinnennens 240, 516
North Cavolin® cacvemeefeerenseceafonmnsnsnanes 2, 050 2660 | BI0 vaveciomnecaf B2 008 {ewsenrvenenn]ien eemmann
(0] (- S, beansasane|ovnsnnn [RPTR PP vemvanalloanuas PPN R PR [ e SRR cannamanrenslianas PN
[ R B P PO [P | P S PR vonaeari|enarsune P P | N B anaseanenn
Penusylvanin 162, 869 162, 809 |lucuuns cuma|inmerenenans e 1, 084, 762 185, 832 405,055 | 1, UGS, 039
TENNBZALE cvnnanessnns saucsrrnnslrnasonsmnnse linvana wnens 15,447 |iiaaciirnesfannnne PR 15, 447
B 5 T 2 e L | [ APl PR | P P [ 1Y
B8 T 11 T T | P PR ISP mresmiferasemminanaffsmcmnn canaas GO0 Jeenernonnnes @ 500
Yirginin 18, 440 11,810 26, 001 42,802 [ 28,000 |..... tamman 70,302
Weat Vieginda.coicaadds R [ P F S R P
Wisconsin ..., ternnnes P I TR NN PP 220 |eneviiiii e enan s 2,440
Tho Tnited States.].cveeeeiniiancatanne, 1,824,435 | 1,824,435 [| 881,764 | 1,678, D8O 160,081, | 2,080,481 || 1,004,522 820,792 405,270 | 2,852,887
. _ wum-mz SILURIAN, DEVONIAN, ) B — 0';@1;:(3)%1:1’ éﬁ?ﬁ?&f&u S ‘
atos : glﬁggm Cnrl;:ﬂntea and Limonite. Total.
TFossil, | Limenite. Total. Fossil, | Limonite, Total m " Il dortyntives. dorivatives,
. Tons, Tona, Tons. Tons, Tons, Tona, Tona, Tons, Tona, Tons, Tonas.
AIRDAMN eevvieireenn, 75,218 |oveuns canens T8, 218 |leacrsensrmmifoncasnncaree|s ByT02 leeivaerncans|focannesanans 101, 076
(6700 8 TATeL (o30S JRYPPUURTUN DRURRFUURNPN PRSP PURPPEO PRI | IR PR cwnrrerrarenan 35,018
Delawnro . chavene ceersununrronifls 2,728 2,726
(Feorgin ... Jeenvens vearsasnsaenn|s chnmnrsanura 01, 418
Kentncky ireresnrenes U UL | RNt | R conrens 64,800
Indinnf..oncuiun ventvansvansfananiiunnans (7021 PR  PORUI Y | P 513
MU0 vevaenenvans O PR F TR ISSUOU | RO vt 8,000 6, 000
Maryland.. [STTPYTRVI PR | I [ | PN . 78,602 Hewnuass R 186, @28
Massnchugotts. Jrwswannneansfoonnaeennunnffsenves rererees Creesreiireny [T | P caaner 62, 637
Michigan ... hentemmannas P | (T T PTOPrY 1,887,712
Missourt... cecansannrer]asrnne amunes 388, 107
Now Joraoy.. [ PP FETTS PYTETIAPPPIN FIPPR O | S LT [PTTOTN veanacnennas 757, 872
Now York cvevervcennas 85,442 | oviiininnnn 86,442 f|eavvadrannas e P | TP P | R 9,818 1,262, 127
North Caroling cvveveiifineneensiaaadinnies weveas PPN | PR J P JOUR PP | [N PP PR | KRN IR 8,318
)1 U O ORI, P PR | SO PR I ceemrnnnifleeens 547,408 [leeevevamavenfleencnirannns 547, 403
Oregon . ovvnsumararrosfoasenns [T RN P PR P Veniserianen [ | P cereens 0,972 6,072
Pennaylvanit. ... ... 289, 037 6,720 | 200,857 213 80, 224 89,486 Y.veeennn 107, 874 2,185, 675
TONTCAEO0 « v evvennseans 78,500 |uvnennnsanes 70,561 |feenes 104, 465
LOXAS sccnanernnnevanasfensnamesnsas [ | ISP PP 3, 600
Vormont.cooiveeasvniiifiaviinnains hireepransleanrenasrans [ 600
VIR e e et vmmncananeleenrnennnen 85, 333 86,388 lovernnianee, 182, 520
West Virgina, . ....... 7, 000 8, 248 10, 48 61,216
K T 80,200 L.ovrnan o B0,200 foonsesimnnslanens s . , cmneereeeeesil  ALHO
The United Stutes.{ 015, 262 05,801 | 710,683 ]l 212 39, 496 39,430 40,640 848,056 73,682 28,016 : 7,074,800

@ Tho age of this ave o very donlitfvl,
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TABLE 6 AND PLATE XII.

a Table 6, showing the amounts of iron ore mined by geological horizons, kinds, and states, should be consulted
in connection with plate VIII, the geological chart showing the distribution of the various ores in the geological
column of the different states, and also with the statistical graphic plate (X1I) showing the amounts of ore mined
by geological horizons and kinds. The last-mentioned diagram is, ag will be readily seen, constructed from the
totals of table G.

It is not necessary to emphasize the fact that neither the table nor the to plates represent the relative capacity

of the different horizons or the different states; the special requirements of the iron industry of the period in question
and the newness of the ore industry in some of the states, caused the demand to bear very unequally on the
production of diffierent varieties of ores and of different geograpbical areas.
b Trom these represcutations, especially from plate XII, it will be seen that nearly one-half of the ore produet
of the country was mined from the Archasan, the Huronian producing a little more than the Laurentian. The Lower
Silurian, essentially the deposits in the Silaro-Cambrian limestone, produced more ore than either one of the members
of the Archeean, '

Plate XIT shows, also, in a very striking manner, that each of the great ore-bearing horizons is remarkable for
an immensely preponderating ore which is different from the dominant ores of the other great horizons. Thus the
magnetites are peculiarly Laurentian, the specular hematites Huronian, the limonites Siluro-Cambrian, the fossil
hematites Upper Silurian (Clinton), and the carbonates almost peculiar to the Carboniferous, -
¢ It is proper {o say here that a certain amonut of what is shown as Huronian hematite—several hundred
thousand tons—is martite, and therefore, while for all commercial purposes it is a hematite, in its geological and
genetic relations it is a magnetic ore. TFurther, the ores classed as Huronian limounites are all derived from hematite,
while on the other hand the Lower Silovian magnetites of Pennsylvania arve altered limonite bodies.

Irom this table it appears that the different geological horizons produced of the different varieties as follows:

LAURENTIAN :
Magnebite « cuoun ot et et e e e et eimeeeieceee it mmenneann 1,824, 435
TOUAL e s et eeaemmamaane e ann e e e e et e e e e e 1,894, 435
HURONIAN : ‘ ‘ ,
TAmonite .o coea i i e i i e e tten e e cdeanrauanencanaas et vmmeme e aaa. 331, 764
oIl L0 <o e r e iv it ten dem e ettt mmie e emer st e amn e ar v maee m—n e e mm e —— e s 1,573, 986
B T N 160, 631
YN eveernas e e e e et e e s e cenenn 2,006,431
LOWER SILURIAN:
Limonite ..o...oovoaan e e meeeaaracsdamaas e aanaan feemeenmns aars aernaaneren Cehee e aaan 1,624, 322
TOIIAEI O tac e vm e e et i e et i e cn eme e emen e ae o me e anan 33, 702
L S 405, 273
B U 00 151 - = v
UPPER SILURIAN:
"w  Tossil hematite ...... emereeeneeanans aeann b e e e et et ts ate e eana aambneeanan s 615,282
Limonite ..... s S PP N ememe mmamae mngern pmmann anas 95, 301
B PR & (1 7. %
DEVONIAN: i } .
Tossil hematite «ovieeicaren cacneicannnnns. emmeanenn R erraeamnaas 212
Limonite ........ it e e o fee e mme ememaan e anmanaaar aannenamnn e SR 30,924
) e e e aan e e 30, 436
SUB-CARBONIFEROUS: T
LOIEE® « e et et et teme catnae s et me e s s e eh e e s e eeacs haane e smea moen nmae amr nn 30, 630
POBAL « e 1 eas eemmae eememe eons e mane s e e rao ot aemaen oaeatacne e 30, 630
CARBONIFEROUS;
Carbonates and devivatives ..o.cune.. D Cimsemsmeransomacmtrranen e 848, 856
Total..ouseeun e e eem mm et esensaseesaeeanteanay enrn saan nmnn fwnmarneane mennn 848,856

MesozoIc:
Carbonate and derivabives oo .. e iee o iee tuer v aran e beciaranararas ot sensasansnanasmsnsasiensonnn 73,632

Total.......oues

A 73,632

CENOZOIC:

T T oL 7 U : 0 11
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TOTAL 7,074, 806. TONS, b=

LA
2[9'|v/a<
1,99%3.7°

7,3»

\
\\““‘Oﬁ
A

Naote: Al the coal measure ores ( Carbanales and their derivative limeonrtes i are pliced. ander carhontes’
The Carbonate ores of Maryland are also pue G thai section ~The specular ares are classed with.

the hemaliles.

ko Tien &V Jath,

IRON ORE MINED IN THE CENSUS YEAR.BY KINDF
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TABLE T.—Irow ove mined in the census year, by states and by kinds.
[Comparo with Plate XIIX, and, for totals, with Piate XI.]

23

States. Magnstite. Limonite. Hematite. Carbonnte. Tossil. Total,
Tons Tons, Tona, Tons. Tons. Tons,

Alsbama. . coeeaeaaa, s emEtesesnencnanrasannvnauna susunsnansttunasnrliesntaciirninane 110,608 |.oireiimanannas G, 702 75, 218 101, 676
Connectiout 35,018 35,018
DOILWALO taenmanaraneinrmneanrsanesassraranesrasenas . 2,726 2,728
Georgin..oneuvarann, ree e hmeamenensEs4ahnancssan e stianianateacnane|atanane nerinnan 44, 210 91,416
Kentiteky cvvavnenn Mmaiemaanseurns st wemracvnmssasnanaanyy .- 17, 060 a4, 800
Indiong .covevavenieannsn S S [ . 613 613
B R N weunamsessrnernnanes 6, 000 G, 000
Marylnnd .oue v cisaneinmesrimeein ot omnnnnnsrsatonusnmnsonnnnns 218 6L, 700 140, 028
B T Y 62, 637 . 62, 037
Micldgan covevsvenenn 148,719 @ 320, £07 1,860,000 |vevnenncnriiiin]eiinanianranaes 1, 837,712
MBSO 1o aastanumscanevsvasnssnactosnssncrannsannssantnasmennnsnnns|ooasassansronnns 112 386,085 [-evureiicernnensfronnanoeas tavane 386, 197
New Jorsoy..... 741, 504 16,608 Jeeeenviniiiaaand]s RPN P N 757,372
Now York...... 927, 052 164, 868 4,705 [eaviimnneavinnns 86,442 1, 208,187
North Caroling ... 2,802 | [0 2 - N Y PN S, 9,318
QMO 11 e ttear e cememecan e maastemmat vrearearmnnanee e sennre vmanas|reeonrnerenceans|an R RS 547,403 |renerninnrananen 547, 403
Orogon..coveecennes [ 1F £ USRS ORI SR PR G, 072
Penngylvanis . .... 657,924 1,130, 006 15, 832 107,874 283, 840 2, 185, 675
TRUIIEBEED «evusvs tnnansanacassnronsammunanannsttoannssssennnesnsroass|osasssanasnanns 27 004 |veenecnnninn P PPN 70,561 104, 465
XS, s erctniacractanennonnuns soancasnnasantnsarnnuerssaronerncrrnes|sastonnnrnnanass] 8,600 |.. 4, 600
VOITEODD 1 nm evevan canmas soanasnsnansesscsasenarmmans s aennssnannslonnnnnsesessnnnsloanmonsansensnns 560
VACZIDI® cevrranrenennnnsn 11,810 120,078 . 182, 526
L 1 PPN PO B, 248 eaivnanannnnien. 50, 068 oL, 216
WHSCONSIN oineiiiiiaiinriaeane trnane snnnccnnasenan dentmenisentone Jenrunainneniaas 2,240 forenreiinianae ceeenrenensarres 36, 200 41, 440
['l‘otn\a .................................... 9, 990, 989 9,148, 837 1,507,718 229, 948 815,404 7,074, 806

The United Statos S B i s s

11‘1}1’cuutugus.............................! 20, 075 20, 945 28, 797 11 565 TTLT Feencnennn

@ “Soft homutites” (near Noganneo), Theso 0rus are more or Joss hydratod, and are therefore classed for convenienco with tle imonites, alth nugh genotieally

thaey belong to the hematites, from which they are derived.

TABLE 8.~Iron ore mined in the census yeqr, by states and countics and by Tinds.

[Compare with Plates XV (o XX, inelugive.]

o C‘nrl)omstu
State und county, Fossil, L‘;f"‘;m‘};‘l’l‘]‘}ﬂ Tlematite, Limonito. Magnotite, Total.
dorivatives.
ALABAMA, Tuna, Tons, dons, Tons, Tuna, Tons,
£ 3 1) G070 | cvvnninnnnennns 6, 670
CIIOWIL oo iininnvvacnnsvonnnsananes memeetesearaanny YR 2T 27, 842
ClLOTnRUD vavvvnnnnann s S I O O EC L L LR X LT Ty A ) O 1 A P 12, 6ng
8T (T | - g e Y (R Rin
Btowah, c.o... 21,004
Jultorson ... 45, 075
Saint Glade.... ... 12, (65
Sholbyeeanens 23,787 REN:T
Tallndogn. ... 5,838 1.eans o, s
T UREANOUSIL e s vvn oo sunasssesnenssnnns vanen canmnea B It er R R LT T TSPty L PP PP td [ PREPPERPRT 14,132 e . 14, 152
LHe BIAIO . vaevvsianiireniaiarsnnreian cemmenmassinnns [T, 6,218 6, TG U XVACE 11 P
CONSEGTIOUT. o B =
Liwhtleld. cuuuns trewnnemranras S varanaieaseas P 85,018 [ veeiinnnenens
DELAWANLE.

NOW GBSt s caar et snmavcsnvman s nrrsannan ssbanbaornsnsansraines P i1 R
GEORGIA, o
BRITOW covnvmrsneniinvnsnonnan “remnan S ET XL T TP auppuy O TN 10,353 fecenmevnnnrrnans 11,438
Do, . covneirinscnnaen iheasiiesseraana G rvaenaareaidemanasaanaenars 47, 200 e P N P PR 47,208
Polk..ooovusann PR rnemanan ) B P I wmneaes BRT Lovvenniannnn ae 82, 837
TLEI B & craaar rnunrsvestnesacstapannaskunnsnansrumnrnniane 44,000 lovrnnenannneanns 01,418
KENTUCKY. = e
Bath.ovenuane g L T KLY T [ 550
Boyd....u. 0, 306 9, 300
Cnrter 14, 749 14, 740
B T 31| D PPN PIVEPU SN 1, 500 1,500
Greenny . .cocvaacnns. [P PPP Vevwesnmrnen S [T T PR ey 20, 004 20, 004
) A01) | PO teemresaasasensnes [ tetmensnaunnsanonai PPN PR PN 8, 505
POWELL wrncecnancssnraneannannsoassumsinnotnnroracnnsmsnanrnnsse [ 1,500 1, 500
T v avenannsvasnnannas desummesenansennvnasan. vevanane S ) s 8, 605
The stato .eue... eneernn Fusvamnennona PPPOT FOPP Meedenacinnn conn - ' 47,140 Gd, 808
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TABLE B.—Iron-ore mined in the census year, by states and eounties and by hinds—Continued.

Stato and coun ty.

Tossil.

Carbonato
of the Coal
Mceasures and
derivatives.

Hematite,

Limonito,

Magnetite,

INDIANA,
Martin...o....

T T T T P LT R T T T PP

Tona.

Tons.

MAINE.
PIECALAQNES tere e erenenearcrenr e maetmrear e sunit vamana

MARYLAND,
Anne Arungdel cuaves cannaviacans avesaammmenenrnneanr s nanan remans
AUERADY < nneiira e e
BAIIMOTO. < s e e s e e e e
Carroloeovceniaiienanan R R PN
[o1:11 1 PPN
Tredevick..ooveevuncas
Harford
Howard.onvervevnnerenennanaans
Montgomery...oovvermnsnmmccrreniataananmaes
Prinee GeOrE0 «ccvneranoniennasronnmnennns
Washington .....

@ 25
@ 12,019

@196 |.
@ 14,675 |

........ e 513
eveme e e aanas e e——— 6,000 {.eeenn .. s 6, 000
teemsennreenn 06,184 |...... ST IR SR 6,184

1,018 {ennnn N I veeee s 8404 oo 4,512

................. LN I 93,800 |.. 63, 842

17, 959
2,016
18, 160
277
14, 075

The 8T0t0 .. vve carmnn cennen

B P R ]

73, 632

04, 760

130, 628

MASBACHUSETTE,
B 0 151§ T

2, 637

02, 637 |

MICHIGAN,

867, 749
401, 347

390, 807

1,340, 365
101, 847

THE BEALO ot avv it cmrmnnsvmamesssnneunnnnncnanasmonnanannansans

1, 350, 006

MISBOURIL.

Franklin
Gnaconade...
Irom ...,
Phelps.......
Saint Francols .
Waahington

87, 033
58, 578
8, 064

57, 207
20, 820
144,153

214

1,120 {.

1,837, 712

87, 033
68,478
8, 004
1,190
57, 207
29, 326
144, 263
214

Tho 8tet0 . veevervennecennnnnncnns .

386, 085

380,107

. NEW JERSEY,
Borgen

Hunterdon..._....
Morris .oeuenne
Passaie ...
SusBeX . nn...
Warven..

13,4608

80
18, 086
507, 921
. 29,166
288, 005
46, 746

260

19, 627

568, 410
20, 106

LED, 063
50, 214

The state

15, 608

741, 864

757, 472

. NEW YONK.
ESB0X « cnocrsvcasronancnnn

Columbif .o oovvvnniiiianrannnn [
Dutchess ......... P, “anane Cdewntaaassenanesana eenranuman
Jellerson. ....... femenan semsavsetnanarmrsnvons
Oneida........ Peenrteairedraranresnareanten
Orange - veavevecreeerennas
Putuam...oooieiinriiinnn,.
Richmond ........
Saint Lawrencs. ..

D e S L L LI T

L T L T T T ¥ YUy pupp

temersraamis e

amamrenursiaan.

87, 052

64,111

18,224
128, 654

631, 807
02, 166

90, 070
04,117

631, 807
02, 106
18, 204

126, 654
a1, 111
37, 052
00, 742

"04, 117

0, 318

TSN I - B0, 854 |umnmcusreeenenns|onnennennnns . 30, 854
Washington ...... e eth ecmieeatcmanasesaereanan—rneannnnaannanan e amessesnnalenaaneennaan O O DUNPN cones 18, 82 18, 892
B T T T 48,800 [iemerannseccanmafomiananmceranans vevatnanna R vmmennsiunesanas 48, 300
NI 85,442 {vuennsininnnnan. 04, 765 154, 868 927, 052 1,202,127
NORTH CAROLINA. -
CatRTDA ottt e ctea et urneromans varnas sranmn e annsanrealominon tanrnenanslonnnereane [ PO peeens [ 52 52
CHeroKen . ..o eieniie i iiianirreieincvenenn fevraeseasanaaaen ans camearmeseimanas e 5186 |..... Ceemmanien 516
L6 (1] ¢ U N PP wemene R P P 1, 680 1, 080
TAREOII ¢ o ct ittt iiraar e e e e rameemanereens e mnenmenn e nraans]eraaan nmeaiienn Jomevasaneivannas [ P, 250 250
B L rmamiarrans eereesnmensnnansfamanenanien saeefeserimnancnennas cecvrmenasnoenns 720 720
L1 00 RPR RN O I F R O PR, .- 100 100
ThE BEAED . uaneeereiisinier st meernmcaeenacarcaracnanenascans|omennn N 516

2, 802

3,318

b 2 . Ty !
@ The carbonate ¢res of Maryland are not Carboniforons, but as they are the only carbonate ores mined in the censna year which are not of that nge, they have

been placed in thia column for the sake of compactness of the tuble,

b Including 2,500 tons residue from Franklinite,
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IRON ORES OF THE UNITED STATES.

"TABLE 8.—Iron ore mined in the census year, by states and counties and by kinds—Countinued.

Carbonate

State and county, Fossil. 1?51\2111? (g”,g a| Hematite.
' ' derivatives.

Limonito, Maguetite, Total.

oI, © Tona. Tona. Tons, Tonas, Tons. Tong.
ATNCIIS L e ittt s irnneanne e temameesansas smnnmeaanesnanransenas|oesmennnneeens 17, 000 17, 000
ColmBAnA. vty v e erdremareseannaan, crrnmrennnaas 66, 040 50, 049
Cuyahega..... Cennanaas fethenereanuenne i eeane tenraaaars s 1,224 1,224
Gallia. ..... eaarerbeaibaanrnay . . peaas 080 680
Hoeking ovvevnna. rhsairamannare . . 40, 740 10, 740
JTackson ...... . 73,423 |. 78,423
LW D00, tea vy cernennne srarcmsismennsasascavasessoneosansonance e 136,404 |- vvrveiiinninen. Y I R 130,464
Mahoning ..... 20,880 |- cevenennnnas R SO U 20,636
Muskingum .ooveriiiiarinnvaninnans 115 S R DR, PR PO 8, 654
L . 00,878 | eurinnn-- O teeumeennansanan 69,373
R L L PGPS S U DU PO N [N S 17,837
3110 PR e TN BOO |ecevmemmiaimeae]annnnn e 500
Trambull ..... amhesesuseansasntsanranmsnsesoarnnns camnrcacaremuee tmemmacmeeniaan 12,785 ............................... [ 12,735
THACATAWAS v ovrievranns emvomreamemmrenataeanann Cevareeans 72,888 |ecercniicrcne s PUPRRREN PO revnenana- 72,388
Vinten. ..., veenen [P areaeieetitanieauraansas YT femeeaienaaas 18,800 [vaviennenannnns J R P [ . 18, 800

Tho stato . .eunrnn .. 517,403

CIRAMAB v evv vt vaarannnn

6,072

PENNSYLVANIA.

7 L g e g D N e BO0 fereenmanenancs 560
0 LT T R 1150 PR R P 350

ATINAIPONE coiiiiiienaeisencnnionmssnnnsnaen [T [ O 81,557 [eavmeerarsnnnae Jeananaeenncnnan [ a1, 557
BOATOUL cavres snerervensenenenranainencnaeramnsssosmarennssnnsnssans 87,800 |.ovveenerniennnas]rrrmmmanencinid]ienanna, [ Epu— 87,360
31 R, g [ S P T S X T T T T T . 159, 074 148, 880 304, 654
331 O © 40,086 {iercnnaeaan. cevemarasan wanue 114,278 [eevvencnmcnnnn. 154, 614
Buacks ....... e aerasienneserresnranenrann eevnreme PP 24,192
Butlor.... 2,318
Sarbon . 852
Centre .. 8,035
Cheater .. 14, 037
L0 ) N 15,705
Coltmbitt covvrn i aiananeiicnancosiannas 22, 588
Cumbaerland 75 0156
Dauphin . .covivanerveancnins 3132
FAYOtt0 coveresoneonvans 76,140
Tranklin oo veecuaiiesiuacsuas Cieumsrasensevmmann s rraraenathes 86, 614
Tnntingdon .oavvvieniierinennnncianans e snraaeseesaneane 26,1183
35,729
78, 850
70, 206
280, 000 285, 629
70,398 | 418,700
5,874
1, 008
%, 699
D4, 387
38, 890
122, 526
6,142
39, 484
31,428
100

£09

70, 058

FURHA . censsves tennnsernrns ranconasonsansnens vemmsenses cerenneisans
| 1) 1 TET1F: 1 o) A PRSI RN
TN TONCE . 1 eas i ccnvnnennnrssnsnasnenansratsamnoreamossnnsnymoransnnss

JaOITIOTE caasur eceonsesennmensnanscnsancnasasnaanssnstansaiaasissnnss

0 emaresesverer s
LyCOMINE canennacanaerossasiressminmmsreeninnencantneanans [
AL OTHET o invrernacneveresnsnnaassnaosssnsssnensasasansrsnacencsrsanesosnss
M, verrrnemeanaciieninnns feemiamreenianansnnene et
MONELOMIOTY - vensiannnasnssertonusanemsnsmnarnrertaeianaeiamsnionmnenesmnnrsliaiae cemenane S 04,887 |.
Montour. ccvus savnssoanaae 33,880 | enaann [ PR [ PR, STCTTIEI .
Northampton . eesaeveeeevecense USRI PPN AN P T S 121, 704
Northumberiand...

P OTEY ceevvainiennosesiarnnunes

teerdmmmaceenanenariasasnaRattses 4,104 o oeenecnnraasenr]onnnensuorenaras 1,978 |
SNFAOT cvensvnnnnsoisarernnnsionnnmmmroemasewosesasivarenensnesl G040 [erecmoie e e e
O convereimeaneneeseritinrinnnns O D {11 O T [ L GELELEE P

TIBION cvenen momennercrsoncmanann T
York ..eane T R LE T T T 28,165

THO BEALD <eewamaoanaen revereieraes e naann . 107,874 15,892 1,180, 696 | 557, 024 2, 185, 676

TENNESSLEE, ) : 9 .
BIOWNE saomssoacsnoessntsonassenscssssasssasacstnsssonasrsaraonirseslorsasasnassenussl aamesas R B I 2,842 |oceiee i eeeeas 2,842

Bradley......
Carter ......e
THOKAON covivemnnnsnnann s b7t
Hamblen vaveesavaens 5,
JUMOH vuennevana Ceansasas : ‘ lg, §(35§
JOUNBON vanevancrensainannanes retrearennienas cerererareimanaenenans Y P 8,060 fevnaraninenne. X

e ieruraraneesetonan e irnetn 0,031 |euveneenenennars|omanncncneennans ST veereeslee e 9,931
4,445
10,773

ciaerumene 841
LAWTONAG . sesarrnennt nnnssnsananmunnn chramreemrmns RN RN P PPN [ PR 641 [vau-n- ’
MEIEH rvennrmnnnrumnsnseensnsreasresnsnasnnemaraersssssssnssnnon: FRUTR P SR I, e 10, 206

13,608 .
20, 681
1,043

RNOD cvvreeeneasssnsrsencsarnnen PPN fesmimemeakntemTannsonnnuy. 18,808 |- eneierni i b s wesevoacenfrrracaacn haanes
lonng ...
SEOWATE. veeansnanesrmrasesssrsntnannassssrnsnmenanee werieann

Thestate coveveenvaerennnnnnns S 76,601 |veeeeenens [ P ceneas 27,804 fieverenmnriaanns 104,4(15
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TABLE S—Iron ore mined in the census year, by states and counties and by Finds—-Continued.

Caxbonato
State and county. Tossil. lﬁ,ﬁgﬁ&g“ﬂid Hematite. Timonite. Magnetite. Total
derivatives.
. TEXAB. Tons Tons Tons Tons. Tons Tons.
Marlon .cucanin R P O S F e ] LTI TR PPT LI 3,000 |cenennnaannnanns 3, Goo
YERMONT.
TNkl cnear iararcncarerransmsosuassnsacnarnn RSP PR P T [571{1 2 N PRI BGo
VIRGINIA. s
Alberunrle i P 453
Alleghany 61,100 |ccvvmremeinsnnnn 61,106
Anmherst..eaneiani. B0 [icmsvecennnnmnas 10, G40
Angustteecaneanas 16,762 |ocermnveivrnnnns 16,762
Bedford.. 500 |ievueneiniinanan 500
TBOLOLUUT s o n v ravnns essecrsssasnrosmmnnascenmarsscsssnnssunsennsnss|oacnnsssssomnnna|omanmeraninnesaal 280001 220 feeliiaciianan. 28,925
Campbgll . 308
LOUIBA. cetcaneauansiransetmanesonrreranansasaas ravmsiamasearianonnns . 14
3,360
. 11,726
Rookinghom seveeaineeas temeaeaasasesarranensosssnaunenserissassonis|ocunaneneennerme]emnnarsansnnesaaloseaseainorenans| 8L 300 fiiiiiiaiiiiaanes 81,860
Shenandoab «weevenn.. N (T T O 7, 856
T PtHOuciacrcanantaansansannasnnsessnmaresstaanssassadsesaisnssnnns 10,418 |, oereiiiinnnes 14,418
TTHO BEAEE <« v e esmmmcmemnmramnenasancsansnancsesennnnesarinnneliarnemensnnan I PO 41,440 129, 076 11, 810 183,826
WEST VIRGINIA. = =
BLARKLOL ceevsmsamass cusuremncnnasansascnnanasaatsssrimnssmsosaarnsss|oncasnsovananna. 2111 3 RN PRSI PSE R 2, 500
Hampshire ..cueceens permesvesanaecamanns tecsmmamnarrrravasarianann 7, 000
TIALAY svanuncuecnnravnseinannnuasranssunn e 448
Tanawht . eennrmnanen taumamasnmnseaeennTrs 845
MOIEAD cannanvrenncnanns himmesaessssemernaanes vevennen heveemerananen 2,8.0
J Y 111 WP RPRTN ISR SR -8 .. 3 PAPPOUURISOINRIRSS] PP PS SUNSIRDY SV RS SR PRt 38, 825
T3 12 R renemnaacnananan errvemenanraaas PRI DUV N 1A 1111 FOUOUURUUPRN PSSR DU 18,708
Tho SbAte .o veetiaaennnnn e amEmeatmeeicastnsunre e anaas 7,000 8,248 [Lueumrcmernnenns 61,216
WISCONSIN. = = .
DOMER caneveeneemnsiaarnscanesoraniaes cnntanarrmmnsasasnnsonnssnsnns 30,200 {vencereaneiarnee]oosrreaaaenmaanrlionnnseonsnanans]onmaaaansennans 49, 200
R L RSP PPN PO PP IR 9,940 [ioecreianiannnns 2,240
O BEALG - - o e senereeainmeiancrnsmnoiaacnssnrseunsenatoas ans i34 1111 R D 2,240 |Lciamninannannns 41, 440
The Tnited SEALES...cvemene sraanncooeunrracsnssannsceanannanns 615, 494 029, 288 1,897, 778 2,148,857 | . 2, 800, 389 7,974, 806

TABLE 9.—Iron ore mined in the census year (a) by kinds of ore and its per cent. of metallic iron, and (b) by kinds of
ore and the amount of its contained iron.

[Compare with Plate XXTIT.]

MAGNETITE.

Tons of ore, Tons of jron.
Under 45 per cetits, 88 43 POL 00D cyee wnrcnererccanrrmrancecyasancenans uaen 386,867 X 43 per cont. == 144,853
45 0 B0 por cont., BAY 53 POL CONB . ovemn cevenecncaeeen ceen ewmaaanen camenanee 1,239,770 X B3 per cent. = 657,078
Over 60 per cont., say 63 por conb .. ..o ovaeiiiiom i iiiiaen v eean 813,752 X 63 per cent. == 512, 663
Total Mo e e e e e r e i ntetan et e as et s 2, 390, 389 1,314, 5
. LIMONITE.
Under 40 per 0ent., 807 38 PO CONb. v ann e cuemneavecananecneemansnenenvene 393,551 X 38 por cent. = 149, 549
40 to 50 per cont., 88y 45 POL CONT vece ceeeur coveea: camnerancncnnnuaneennn~-on 1,082,344 X 45 per cent. = 487,055
Over 50 per cent., 80Y B3 POr CONT .« e vrcen e coeecearnssacarecenn acnmeeenen 672,062 X 53 por cent. = 356, 670
B I 1 NSRRI i 1 12 X, 1§ 993,274
HEMATITE.
TUnder 45 por cent., 8ay 43 POT CONL «-vave conecimome iirireiacomtcaocmrencnanes 86,937 X 43 per cenb. = 37,383
45 to B0 per cont,, SBY 55 POL CBNE e vevevr coerenmmnce mcrmnrenenranmeenncan- 509,364 X 55 per cent, = 313,150
Over GO0 per centu, SBY 63 PEL CONY vevmneneeeurerneenrennnaenneeraneanannsnas 1,241,477 X 63 por cent, = 782,130
OtRL - ee e ieemae e icmrmnncimman conmencsananincenannennecssneensanannes 1,807,778 1,182,663

‘CARBONATE AND DERLVATIVES.

Under 35 per cent., 8y 33 POX CoNb v.ver. covs oemiiiei i ieiiae e 234,777
Over 35 per cent,, 8ay 40 DL €oN 1o curiaremmar vear it mtnaccncccrnvene e

9o2, 288

b Y AP Meemmanan

X 33 per cent.

667,511 X 40 per cent. =

= 84,076
267, 004
351, 080
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TABLE 9.—TIron ore mined in the census year (a) by kinds of ore and its per cent. of metallic tron, and (b) by kinds of a
©ore and the amount of its contained iron—Continued. '

FOSSIL.
Under 40 per cent., say 38 PoOr 0ot .o v ooin i i i eae e eaan 20,121 X 38 per cent, = 11, 066
40 to 50 per cont., say 45 per ceut ....... e et anaaaananas 349,203 x 45 per cent. = 157,144
Over 50 per conb., 80y B3 PUr CONb .oueoe il i it irre e aenncmneanee eae. 237,166 X 53 por cent. = 125,697
B ) ORI ) £ 0 [ 203, 907
Grand 0Bl - .o ee e e i it e e e as .. 7,074,806 "4,085,518
This gives an averags por cent. of metallic iron in all the ore mined in the census year equal to 51,22 b

In Mr. Swanlt's roport on the statistics of the iron and.steel production of the United States it is stated that there wore produced

from blast-furnaces 3,761,021 tons of pig-iron and castings from 7,256,684 tons of ove, which would show an nverage yield of the ore of
52,13 per cent. of iron.

PLATE XXII AND TABLE 9.

From the columns on the left half of this plate we learn that of the three grades of magnetite the largest
product was of ore of the middle grade, containing 45 to 60 per cent. iron, and next in the highest grade ; but there
were mined over 336,867 tons of magnetite containing less than 45 per cent. of iron.

On the other hand, among the hematites thé larger product was in the highest grade, over 60 per cent. iron,
and within 2,000 tons of the largest magnetite tonnage, which was, as above stated, in the middle grade, 45 to 60
per cent, iron, while only a small amount (37,000 tons) of hematite was mined of the lowest grade, viz, under ¢
45 per cent, of iron. The reason for this difference between the low.-grade magnetite and low-grade hematite
doubtless lies largely in the fact that the latter are more silicious and refractory than the former.

Again, in the limonite column, we find in its middle grade (40 to 50 per cent. iron) the largest tonnage, and a
mueh larger product of its low grade (under 40 per cent. iron) than that of the lowest grade hematite. The
advantage thus possessed by the lower grades of the hydrated ores is doubtless due in part to the fact that part
of their impurity is water, which is mush more cheaply got rid of than silica, and in part to the fact that their
impurity being largely of aluminous constituents, they work to advantage with silicious ore.

The columns on the right hand show the relative amounts of metallic iron in tons contributed to the metallic-
iron product of the United States in the census year by the different varieties ol ore.

These amounts are obtained by multiplying tonnage by the pergentage of metallic iron, as determined by our d
own analysis of the commercial and differential samples taken by our own experts.

From these columns it appears that while the largest amount of iron was contributed by the three grades of
magnetite, the largest amount contributed among wll the varietios by any one grade came from the richest hematite,
carrying over G0 per cent. iroun,

A comparison of these columns with those of plate XIT will show very strikingly the overwhelming importavee |
of the older Tormations as contributors, nearly six-sevenths of the metallic iron having come from the Archosan and
Siluro-Cambrian deposits, while threefifths came from the Archoan alone. .

A similar comparison, when made for the produetion of 1890, will probably show that the dominant contributor
will be the hematite of the Iluronian, and that the ¢ fossil” ores will contribute more than the carbonates.

L&
TABLE 10.—Iron ore mined in the census year, by its per cent. of metallic iron, by kinds, and by states.

{NuPk—~Tho fhgures fn bold-faced typo indieato tons of ore from wines from whieh no srraplos have been anndyzed,  Tho clagsifiention In such casos was baged
o the general charseter of the orw of the reglon. Lhe amount of this estimatud product is in ench easo tneluded in tho amount indicated by the commmon-faced figures
that stund direetly under the bold-faced ones,  Fov instance, Alahama s eredited with 5,702 tons of carbonate ove containing less than 35 por cont. of metallio iron.
The mines Uad produced 4,082 (5,762-1,080) tons of this wore sampled, imd the classifieation of thuir product is based upon the analyses of the sumples, No samplos
were taken, ewever, from the mines from which 1,080 tons ol ore was ralaed, and tho classifieation of this portion of the product is bosed simply en the known general
charaetor of wimilar ovo from tho region,  Again, nlthough many samples of the earbonate ores of Ohio and Maryland, wero analysed, as theso ores are mined from
smadl epenings along alwest continuous outerops, it was not praoticablo to identify the nualyses with definite amounts of ore wined in the census year. The
clagsifleintivn of snel ores was based upon their general eharacter as shown by tho analyses.  Of the total produet of 7,074,800 tons, 6,020,003 tons are classified from
analyses of oro (rom produeing mines, and 2,815,508 tons are clngsiflod from the genornl character of similar known ore.)

MAGNELITE, ‘ LIMONIIE ‘ ILEMATITE, CARBONATE, FORBIL..
Statos. | Under | grooeo | Ovor | Undor | 44050 | overso | 02908 | 4540 60 | Ovor 00 || Tudor 85| Over 95 || UR4ST | 40 to 601 Overso || Total:
403;;;“ i pur eent, ﬁ(?l)ﬂ‘(_“ 4&}12}' por cont, | por ceut.‘i "5‘03;"" per cent. | por cont. }| pee cent, | per cont. 4‘30}1’?} por cont, por oent.
Tons, Tons. Tonas, Tona. Ton;. Tons, ‘ Tons, Tons, Tona. T;n:féo Tons, Tong.
T T VTV AU FUPUURRN AUPURURON FOPRR 98,903 | 89,403 g ¥ 762 101,676
Conneetiont . focervewrfivesaarsvnforoenvaaiflinnirnanes 84, 878 (R R | I, 35,018
Delaware caeu. v ! vesvmeneanifonarenias 3, 054 (17730 (R | FR FURURIRIIN FISRPPRPOTY | FRRURMAPOR 2,720
. 0 47,206 ‘
(£ 13| DR N P, Joeorasuns Ceermeenas { lfé?ss& .- 47’,206 } D],‘ﬂﬁ
4] N .
Indiand...eeen. [ PR TS P | P { %ig .............................................. 613
2,088 2,000
Kentueky «oweifien FO R R P . 17, 660 |- a’, 621 40‘,525 } ........................ 64, 809
YT T T UUDTUUR IV IO SO T . Y% SUUVUUUN FUUUURON: USRI FOUUOTUUNY [DURUCPURSE FUPOORs  HESURPREY FYPTIPR R 0, 000
/ 13,832
Maryland. oo vifiaareend]s 218 . {%"7,%% } ........................ weleaavenrans|leonarniaae { '73’. 632 } ...... 1,018 |onerunins 189, 628
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TABLE 10.—Iron ore mined in the census year, by its per cent. of metallic ivon, by kinds, and by states—Continued.

MAGNETITE, ‘ TIMONITE, HEMATITE. CARBONATE, ! FOBS1L.
States. Under | ygyogo | Over i Under | 454050 | Overso || TP | 454000 | Overoo | Underas) overss | T04er | 4046 50 | aver no|| Total
4&’&:?” per cent. 0&3%}' 4&32}‘ per cont, | pey cent, 4fexlxlt0.1 por cent, | per cent. || per cent. | per cont. ee{:t ipor cent. per cent.
Tons, To.m. Tona, Tons. Tons, Tons. Tons. .’l‘oﬁs. Tons. Tons, Tons ‘ Tone Tons Tons. : Tons.
Missachusetts. fooens.. SIS PR VS { 32’1“839, SUUUUURS | FRUS SUUSUUURN UURUURTN | IR NS ........................ 62, 637
MICBEAR ceve [oeermen|ermeenenen. 148,710 ||oeeceene. 14,167 AR ] oo | SR} SO PO AR IS 1,887,712
Missourt. eae .. [ecee. S SR DRI S 1 S - 143,081 | 242,104 [loeeeuefonmceeen oo e ads, 107
Vow Jerscy.....| 1,400 |§ b33 g 003 1)L (3 | TSSO IO R N SRS FUSUR FOUTN A I JEUU RO TET, 310
New York.... 190,425 |§ 0807 Bo00, 880 | 14,200 |§ 00 B m i |§ 0 IR HE 280 | 86,102 |........ 1,202,127
Nurth Carolina.| 100 |§ o a0 ... Y 1 U IOUUUUN: USRS ROUSURS HOSSUOION  FRUUION RORON e B8
Ohioervvee O ISR N ISR NS B B O e [JORHO  A0T | oar, 100
OPOgON wevevnfiee aee fetomenenssoeeereea e, 8,072 oo U | AN R } .................... vl Bo7
Pennsytvanin..| 7,042 |§ 50 1o ) AR | BT N o R L] AR RS R IR 1012 s
Tennesseo ... |........ SN vaeo | ansoa B IE e e e § ot 5%:‘5;‘;@ 104, 463
b0 o: 1 PR RN R Ceaerenaas { 35'“(%% §. ........ e Y . Y . Y | ES I PO 1 3, 600
Yermont..oooo|oee .. e | Y [y U IENPAN [ | PR 560
Virginia .ooees | ons.. { big }n, 202 1,500 | 97,425 | %0, 082 1| 81,360 182, 396
Wost Virginin. - .ooof coreerennals [SUVN (PR § s USRI SO e | § A0 | B4 xS 61,216
* Wiseonsin.....|. N SNSRI T RO I o SRR FRNUTION A SN AU S /ORI SRR an 200 | 41,440
1 : U
i Tntte g, gor (§, B9 Jara, 7an {33%}@'21 h“&&’,‘%ﬁ? 20041 [t o | § 20788 | 38700 | 200803 At e R T Rt
| ; ‘

TABLE 10 a.—Metallic iron in the ore mined in the census year, by states, kinds of ore wnd its per cent. in memllw iron.

METALLIC IRON IN | METALLIC IRON IN MRETALLIC IRON IN METALLIC IRON l mc’r‘Ame IRON IN l
MAGKEIITE, . ~ LIMOXITE, TIEMATITE. | IN CARBONATE. FOBSIL ORE.
S5 1B EE JAf (B4 |E8% |89 |EE |&% |&F |E¥ [id |gg |s%
RN E T R (S el el R B % B B R R r
State. e EEEIE SRE (58488 Hay | 45 | 88 289 | 8¢ S€8 | gHY | 88 Total. ok
£gg 585 a"“ .gou Ega E.,. H2%8 |=e8 | §R Heg | g~ 288 1588|587 cent.
Sgy (Thc (9% | S5c|Tug|uus|Tss |Sgp 832 |Ees |feg|Ti0 |Ras | dey
SRE|HER 288 | BRR|BAR {588 | §2% | 582|588 | SRZ | E8E| Bl HAE | 5SS
s | S8 < © se < | Soe | 68w | Sun we | Shu || Com | SRe | Son
c‘Q@ tofg %5‘5 03?\8 ;'Qg eSK‘: O wofr ng ["RRT) wen PR g?«m agv 00D
o |Ssy|B2p|Bo | Sey|8En BES |Bpp | Boy |25 Bap BAn) Eih | ESp ) £22
)a'ﬂm 'Ed«m bacc@a E"qu )E‘wm &u-.nn ‘ 'E"’Um »5"'3 )E‘wg a’dm amw "3'53 ﬁvg ’amfg
Tons, | Tons. | Tons, | Tons, | Tons, | Tons. '| Tons. | Tona. Tons. Tons. | Tons. : Tons Tons.
A TL I TP OO AU KU O | SO 12,732 i 07,130 | 2.078
Connestiout .oooveovooiii v fienieeifieneneafleannn . 15, 695 15,760 | 0,488
BoTaF 0 ORI I PR FPRe 780 802 1,082 | 0.0%¢
Georgin..... PPN MR PR PRSP | ST ..| 8863 40,084 | 1,149
Indiana [SSR AP P 281 231 0 0ub
Kentueky ueenn voenonn [ M ramt 7,047 26,843 | 0.045
MBIUB wvenvsreer o cenns ST T J 2 700 2,700 | 0,066
Mary1and. . comeeeenecncenfomeenifeenennns . 20,142 |. 50,100 | 1.449
Maussachusetts 28, 187 | 28,187 0 6
MiChIZAN . cee e rernesrmnnnsfonsnenne 6,371 167,842 }f........ 198, 156 [620, 252 ||+ verevrfuennswns][ormmemaefonnanneadioecnaen 1,004,814 1 26,797
Missourt ... ieenennnen. . 50 [ooeenndl.. veeel| 79,100 J152,526 ||....... |.... vee lvee DO SRR T Al 281, 7e6 | 5 674
Now Jorsey - ovvuveerunnann 83,712 274,116 (98 1) ASPORSRPIN{ IR U PR | FUSPURPI AP | P PR R - 406, 953 0. 4Gy
New York...voouvviununen.| 56,083 163, 726 1319, 145 5,377 1 63,824 [........ 23,808 § 21,538 faciuan [loemrien |ovennns 1006 | 88,323 | ....... 681, 534 16. 681
North Coroling............ 45 1.1,072 L5220 | R P PUL | AR Y (RPN | TN PO | PO R (R 1,810
Ohio vvviiinnnnnn... ceenan . [P | PR PPN S PO 176 [11:7 U | RN RN S 211, 462
Oregon . coveen i einineen. SO RPN | B 3, 137 P i N [ | IO P ; 3,137
Pennsylvania ...,....... .. 53,015 (227,800 |........ 47,307 [248, 618 107 894 [1.en..n. 35,097 || 10,960 (101,628 | 15,460 || 08, 800
Tennessee. .oo.oovv oo oa b ol i 420 5,352 | 7,887 | ...... R | P, 7,775 1 81,420 52, 863
P Y P P | IR S B> Y | FETTE LTS renupuvey | VORISR IR | IR IEPIUUORE IO 1, 620
Verment ... ,..... [ R SRR N i .................................. " 052
Virginia .......... PR [P 2751 7,114 ! 6OG | 40,841 | 15,044 || 13,485 | 5,544 |.cevvee oevveanrfonr wancl]emvanailoneaas, RN 84, 700
West Vieghnia .......... PSRN SO I PN S PT.)  FON | AT 10,198 ol 8,150 ........ 28, 214
Wisconsin .ooeoiviean. .. [ S N S P veen] 1,008 Foooiilleeeaen . e | P 20,776 21, 784
The United States..... 144, 858 1667, 078 512, 663 (1149, 540 487, 055 1356, 670 ;| 87,383 {818,150 [782, 130 267,004 |1 11,006 [157, 144 [125, 697 14, 085, 518
Poreent.....ocovvennenn...| 3.545 | 16,083 | 12,548 3,601 | 11021 | 87311 0.015 | 7.666 | 19,148 §. 536 0.271 | 3,846 | 3 076 {|.eeeun.... 100, 000
. 1
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TABLES 10 AND 10@¢ AND PLATE XIIIL a

Tables 10 and 104 show for each state the kinds and the grades of fthe ores mined, and the number of tons of
metallic iron contributed by each grade.

The varied resources of Pennsylvania are shown by the fact that each of the five great varieties—wmagnetite,’
hematite, limonite, carbonate, and fossil ore—sontributed to her product. While we see from plate XIIT that the
limonite furnished the largest amount of ore, and the magnetite the next largest, we see from table 10« that the
largest contribution of metallic iron was from the middle grade of limonite, carrying from 40 to 50 per cent. iron;

“and the next largest amount was from the middle graffe of magnetite, containing 45 to 60 per cent. irou. Ouly the
middle grade of hematibe is represented, and while the two grades of carbonate and derivatives contributed almost b
equal amounts, the middle grade of fossil ore—40 to 50 per cent. irén—fuarnished nearly four times as much iron as
the highest and lowest grades combined. :

In New Jersey it is the middle grade—45 to 60 per cent.—magnetites that furnishes the greater amount of iron,
while in New York, whose center of produnction is much more distant from market, the magnetite of the highest
grade ranks first as an iron producer.

Looking at the fossil ores, we find that while in Pennsylvania, New York, and West Virginia the middle
grade—40 to 50 per cent. iron—is the largest contributor (New York furnished no fossil ore of the highest grade,
and Pennsylvania only a small fraction), in the States of Alabama, Georgia, Teunessee¢, and Wisconsin the
produaction was almost confined to the highest grade—over 50 per cent. iron.

Tooking at the carbonates, we find that of the whole amount of iron from this source three-fourths came from ¢
the higher grade-—over 35 per cent. iron. . : ‘

In the hematites only New York and Virginia produced ores averaging below 45 per cent. iron, and only
Michigan and Missouri mined hemutites averaging above 60 per cent.

TABLE 11.—A partial classification of the iron ove mined in the census year, by phosphorus ratios, by kinds, and by states.

States. MAGXETITE, LIMORITE. ’ HEMATITE,

Phosphorus ratio. ...} Under .Oﬁi 05-.10 | .10-.50 | .60-1.00| Over 1.00 | Under.05} ,05-.10 | .10-,50 |.50-1.00 | Over 1,00 {Under.05 | ,05~.10 § .10-.50 |.60-1-00 | Over 1.00

Tons. | Lons. | Tons. | Tons Tons.
AlaDAMA v iiaaas cvaens . .F 67,807 | 24,0858 ¥8,471
Councelicut..cevarveeiiene. - ! . .| 84,878
Delaware . 072
[T T o e FE TR T | PO TSR 1 EEETRES
Indiana ...
Kentucky.
MAINO.cecieiemnnanaeraanns
Ma\l‘ylnud.....;........... ................ 218 |..
Massachusetts
Michigan .....s aa
Missouri.....- [
NowW JOr8BY cammnevannnnns 11, 087 103.‘754 176,768 |L76,200 | 232, 548
VW FOTK vencenvannanans 184, 640 1161, 367 | 40,557 |102,824 | 421,881
North Carolittft.caaeeernen 2,400 850 [ vunaan. .

535, 838 488, 461 |
11, 146 {276, 834 | 88,562 |..

47,800 | 99,419

........ N e T IR B R ML

Oregon .ov...
Pennsylvanin . 500,213 | 88,035 | 60, 508

Tennessee ..... JR P S PO R
TERAS e cvncncennencnornrnns
Virginin coveveineimivnenas
Vormont .......
West Virginia ..
Wisconsin covevevaeanaaen

The Tnited States...| 408,349 :891,706 '1388,847 1279,024 059, 929 |

208, 403

1,998,730 [oeeruennaifraeenifennnnnnsfiannens 1, 830, 287
I 7 RN (VPN SRS R 66, 931

Total classifiod. . coocfovieeeammrteemiare]ronceneifeannian. 2, 811, 856
Total unclpgsitiod ...l cevrromeddiaminarfoanenns locdianns 178, 584

i
|
‘ , :
Total Produot «eeeeerfseeeeesae: f ........ ( ................ 9,890,389 l...n.n .- ) ........................ TEVORTUY I I — - 1,807, 218
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a TABLE 11—4 partial classification of the iron ove mined in the census year, by phosphorus ratios, dec~—Continued,

COAL-MEASURE AXD MESOZOI0 CARBONATES AND || . .
States. DERIVATIVES, ! HOBST Total
Total ore, | o Total
| . classified. c?n:séiﬁo 1, | product,
Phospherus atio. ... [Under 05| 06=10 | .10-.50 | .50-L00 |Over 1,00 Under .05 .05~10 | .10-,50 | .50-1.00 | Overl1.00 *
Tons, Tons, Tons, Tons. .’l'ami. Tons. Tons, Tons. Tons. Tons. Tons. Tons. Tons.
ATy YT T I NUUUUNUNSUUUUTN ASNTUUDRN SRR FUSURII FORIPUORIS IO FUUPURPUS PR 41,802 | 83,089 [eeeeurnn-- 185, 687 5,080 | 101,676
Connectiont......co.oenenn. SOOI FUUSN USRS (F SRR | IS RN SUTTUU SEETOUI TR 35,018 |... 35,018
Delaware .oovieevrnenrrenns cavmranens : . 2,726 2,726
[E2-13) 42 1 T 25, 361 01,416
TN 4 eeevevrecnencerront|oeinesnac|eanmancretlvorunacas [sananssaas|ioasmnoeeafiorcecramarfovennranc fomaaciiio]iiamroiaiidiaemnea lineeeanan, 513
Kentueky .oooovvaaiuniannns 34, 577 G4, 809
MAING. cocvvviansrtmmernaras 6,000 l.caeenn..n. 6, 000
MATYIANA o eveenrrmmenamanes 136, 360 8,260 | 139,028
Massachusetts . - 57, 087 5, 600 62, 687
Michigan .covvriaveriinnnas PP PN TIPS PUNURPDIY PRI | PP PR B L LR LR TRt PR PP 1,733, 988 108,726 | 1, 837,12
MISSOUTL vrevvvvmacmarecccenennnuons|oanacrocsi]oennnessn:|iananasees|oansmrameafliennsennnefoameraarai]ioaermanae]iimanrenniiianaan, 876, 542 9, 655 886, 107
B R0 T P S o | L] CLLTE T FETPRRRRTT IS TR IS EPTEERRTR \ 710, 223 47,149 757, 372
Now York ..... 85,442 || 1,283,774 98, 853 | 1, 262,127
North Carolinie e eeecccne s foncenaecesfoersereenifionranermefeomnnarnnefomnissnnnrffrareacseaifccacarine [orrmmenaeiformmmennusfoommunanas 8, 862 456 3, 38
Lo USRI UUUUIE IVUURUIN NSRRI IS FUUURUUUUIE FUUTSUUI | ST FURDRTOUUIN ISP PR RTE FRRPON [N | 547,403 | 547,403
LT 2 O O g ) | L L I At 151 5.2 PO 6,072
Pennaylvania . 41,301 001,482 | 1,284,103 | 2, 186,075
Tennesseo. ... 13,732 90, G38 13, 827 104, 4G5
b \CNIT DRSS PEURIPUIN IR RAIPIIUS SIPUIRUPUIVE POTIPUIIDIN | PRV FIPRIPRRPS PP PR B EE SE  D  REE 4,600 3, 600
AT LIRS INUNUUUIO USROS NI REPRURPRUON ISVUONIRN | SRS SRR SRS PR PR 180, 210 2,110 | 182,36
ATy v1 011 PRI PYNPRPORPPIN PP nion PPN i [P reereanenan 560 660
Wosh Virginia .coovetiiieaifvirvneacnifonnns R N RN cenane - cve 7,448 63,708 61,210
TVIBCONBIN + . vvvevrnsvmnrmeloeemenenssfommamenssslonamcnesssloacnneenss|onmnnasnns SUTU IRUURUN ISUUPRTS IO 89, 200 30,200 |, 2,240 | 41,440
T'he United States «olvreeensaei]|inmecannns 05, 036 21, 442 bR S 86,400 | 116,105 | I79, T30 | cewaiiint Jewaennnias bceiiiiens
Total classified. coonualiennannn. R B T S 7% 1 | O P ] LEL LR BB, 850 [oeeecnenanfonennernes
Total noelngsified «.ofiveeescae]iinieninn fomemnnenns R I 11 5 1 | R P T ELTTE T i O .
Total product..-... .. REUUSUUY UV NUDN SO 922, 288 “ S U RS | e, 4o4| 5, ?oa,ml)e,sos,osg
d ' TABLE 11.

This table deals only with a pars of the product of the country—something less than three-quarters, and with
more than five-sixths of the ore from the Bessemer producing varieties—magnetite, hematite, and limonite.

In view of the tendency of the metallurgical requirements of the near fature, the columus showing tonnage
with a phosphorus ratio of nnder .03.and of over 1.00 become equally interested with the acid-Bessemer columns
proper, namely, under .05 and .05 to .10, :

Au interesting fact is, that while the magnetites produced only about four-fifths as mnch Bessemer ore as the
hematites, mord than half of the magnetite contribution of Bessemer ore had the extremely low phosphorus ratio
of under .05; and the magnetite tonnage with this low ratio was more than donble that of the hematite, with a
€ similarly low ratio.

TABLE 12.—Bessemer ore mined in the census year, by kinds end by states.

[Compare with plates XXIII and XXIV,]

[Nore.—TIn this table is included only such ore that if smelted alone would produse pig containing not move than one-tenth of one per cent. of phosphorus, It
is to be noted, ho'wevcr, that ore with a higher phosphorus-ivon ratio than 0,10 is used in mixturs in the manufacture of Bessemer pig.]

States. Magnotite, | Hematite, | Limonite, | Total. Per cent.
Tons, Tons. Tons. Tons.
. K155 1 Vo RSP AR UIUUE PRSP 6, 000 6, 000 08
Michigan . 47,800 821,234 80, 055 948, 589 43.47
MASSOMIL, caerinreiarenarninenivaciess [ravannonnan 287,080 ...l 287, 080 13,20
New Jersey... BULTE- ) BN R P 114, 841 5,20
New York.coieenniiiireiiinienaan.., 386,016 {.....eann. 24, 806 360, 821 16, 66
North Carolin® - covevrieniinnennnin, 2,700 {eenennnaann, 112 2,862 18
Ponnsylvamia ..covvnnrvesonecvnrsannsns 880,148 |, onenianns £50, 226 448,374 20, 56
TORDERREO <o eeanniccn e s 5, 600 5, 600 .20
7 3 1 £ PR U 2,800 6, 1G0 .28
Total coerieii i et 800,055 | 1,112,574 2,181,227 1 ..........
Percent...oviecivncricniiennaan, 40. 81 61,01 8138 100, 00 ! 100. 00

@ Sec note nnder table 7. (Production of ore by states and kinds.)
b In making ap the total Bessemer-ove product of Missourd, it was assumed that all but 500 tons of the ore mined ut Iron Mountein in the eensus year was
safficiently low in phosphorus to comoe into this class.

e This is o vough estimate only, It is probably below the truth, even fur ore with a phosphorus ratio Jess than 0.10 per cent. Asa matter of fact, the tota

]“‘0(]“Lt of the Bloomficld and Springfield mines in Blair county (107,222 tons) is reported as having heen used, mixed with magnetite ore, to make Bessemer pig, while
ouly that from the Springfiel T wines (53,739 tons) is shown by analysis to liave o phosphorus ratio less than 0.10 per cent., and is included iu this talile.
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TABLES 11 AND 12 AND PLATES XXIII AND XXIV. ‘ a

3

Among the most important tabulations are the tables and plates presenting the production of Bessemer ore, or
ore having a phosphorus-iron ratio not exceeding 0,10, The total Bessemer product—=2,181,227 tons—formed 27.35
per cent. of the total ore product of the United States. :

Nine states produced more or less, although four of these furnished eacl less than one-third of one per ceut.
of the whole, ‘

Their order as to amount of Bessemer ore mined is shown on the table on page 19. -Michigan ranks first,
producing 43 per cent. of the national produet, and more than twice as much as the next largest state, Penusylvauia,
which furnished 20§ per cent.; while New York followed third with 164 per cent., and Missouri fourth with 13} b
per cent., and New Jersey fifth with 54 per cent. ) ’

J'rom table 12 and plate XXTII we see that only three of the great varieties—magnetite, heinntite, amd
limounite—contributed ore with a sufficiently low phosphorus ratio, to be applicable withont mixture to the
mannfacture of Bessemer steel.  Of the total tonnage of 2,181,227 tons, the different varisties gave—

Ores. Tona. Per cont.

Magnetite 890, 055 40,81
Hematito . 1,112, 674 51,01
Timonite 178, 608 818
I 5,181,227 |  100.00

Referring these ores to their geological sonrees we find that the Huronian is by far the largest contributor, the
Laurentian coming next, and the Siluro-Uambrian third, a large part of the Bessemer of the latter formation being
the magnetites of the Cornwall and other mines, which are assigned by Lesley to that horizon as altered limonites.

The actual geological distribution of the Bessemer product is as follows:

Ores, Tons, Per cent,

LAwWrentinn .o ooooeoneeen e 482, 611 22,18

Huroninn ..oovviinnnaverennes, 1, 242, 841 60. 08

Stluro-Cambrion oovvymenvnen. o 449, 775 20, 62

JENOZNC. cher e inrie i nareiaan g, 000 0.27

. : . TOD cevernemnrennrseeanan | e 227 [ 10000

The southern states produced all together only 14,622 tons, or less than %% of 1 per cent. This may be
materially changed by future development of orve-Dodlies in the Archwman regions of North and South Carolina and
(teorgia. '

There were produced of ores with a phosphorus ratio of under .05—

Qves, Tous,
MAgnetlte «aveervuvnnceecneiiiceriianseaa.| 408,840
Hematite ... 198, 042
Limonito ... 8,402
0] 1) rrresmteansauns , 706,783

or nearly one-cleventh of the total ore product of the country. ‘
Out of the 5,766,118 tons of ore designated in table 11, as “eclassified” by our chemical analyses, there were of
ores carrying more than 1 per cent. of phosphorng-—

P(ln' c(int. (ilf
the elassi-
Oros. Tons. fied ore of
thisvarioty.
Magnottte ..o vueenes R 653, 020 27, 56
Tomatito vevvevneerononiinanns 15, 800 0, B4
TAmonite evennoenses 208, 403 17.02
Carhonato v.ooveens- 1, 500 1,27
T T 170, 786 47.00
B3] 711 S N 1,008,007 |eeeccaanens ®

Wea may assume, probfib]y without appreciable error, that in the unclassified portions of magngﬁte, hematite,
limonite, and fossil ores, the percentages of ores with a phosphorus-iron ratio greater than 1.00 will be the same
as they are in the classified portions of those varieties. This assuniption cananot be made, howgver, fo.r the
carbonates, ag, for reasons elsewhere stated, no attempt was made to classify as regards phosI.)horu:%vu'on mt.l'o the
greater part of the Coal Measure ores, The samples of these ores were taken to Tepresent, not mines, but fields:
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a Anegamination of the tables of analyses shows, however, that of the 93 samples from Oluo 31, or one-third, gave a
phosphorns-iron ratio greater {han'1.00. Thesame iractmn represents the proportion of the Alabmna and Kentueky
carbonate samples carrying this proportion of phosplhorus.

Itis believed, therefore, that we will not be far from the truth if we estimate one-third of the total carbonate
product as having a phophorous-ivon ratio greater than 1.00,

‘We should lLave, then, in our uneclassified ores, the following amounts

of ores with a pliosphorus-iron ratio
greater than 1.00: ‘

! Ores, Tons;
| MAZUOEED ¢ avnrnenerearnneninrareaneas wee| 52,778
Homatite ......ocenen RN 562
LAMORIES «vunus i cten e 167, 550
Carbonate vvvevieeeiiii e e 305, 500
Toagil 109, 573 |
Total .| 625,900
Ore previously olnsmﬁua ag allove . ......... 1, 058, 957
Total ore having a phosphorusdron | 1, 684,617

ratio grcutel than 1.00,

.

Although not stncth belonging in this place, T have added a table showing the maximum, minimum, and
€ average royalty paid in éach state for the privilege of mining each kind of ore. Royalty was paid on more than
one-quarter of the product of the United States, the average being 43.7 cents per ton of 2,000 pounds.

Mr. I. Lowthian Bull(a) states that the usual royalty paid in Lugland to the lcmdownem for hematite and
ealcined blackband is about 2s. 6d., or 624 cents per ton of 2,240 pounds, though in some instances much more is’
paid. In the Cleveland district, where the ore is leaner and the amount of orve is practically inexhaustible, it is
rated (1884) at O per cent. of the selling price of Cleveland pig-iron. Mr. Bell summarizes ronghly the royalties
for ore and coal, calculated for- the ton of pig-iron, in the great Buropean producing centers,(b) viz: - Cleveland,
81 cents; Seotland, $1 50; Cumberland, $1 56; Germany, 12 cents; France, 16 cents; Belgium, 15 to 50 cents.

TasLe 18.—Royalties by kinds of ore and by states.

. Number of . ind . tota alty
State, Kind of ore. m?gg,ls):l%mg l‘fﬁ;gﬁ;‘m lﬁi‘ﬁ‘t‘;m ﬁﬂﬂ %0 1015";“1;(()1}‘ alty

Alpbamd...ov ceiniiiiaaa,. Limonite ....oooooooiile 24, 358 $0, 22 $0. 088 $0, 149 $3,.641 09
5 R B ' 1-T:3: S 24, 252 0. 088 0. 088 0. 088 2,134 17
(,uune,ctlcut - cevvenaee Limonite ueeeniiiuen. . 28, 877 1.78 1.78 1.78 42,145 06
Kentteky coelveneennnnnn. U 1 S 8, 605 0.176 0,176 0,175 1,514 48
0 SO Corbonate ........... 9,381 0,22 0.922 0.210 2,003 82
Mavyland ..ol Limonite .. - 8, 206 0. 63 0. 223 0.418 3,880 17
Doeeeereeecenceenoo | Caabonate ceene.aen... 2,240 0.67 | 0. 67 0. 67 1,500 80
Massachusetts............. LAmonite . .oconvennnooos 3, 846 0,33 0.22 0. 267 1,027 18
Michigan ... il PR 181, 1656 0.76 0. 36 .0, 445 81,751 76
Do oo Soft speonlar ....o...u.. 78, 803 0, 54 0,83 0. 446 33,006 77
Do v Spoeular....ceevecinnnn 109, 792 0,45 0. 81 0.301 43, 838 72
Doo.ceoeeiieoiio ... Specular and magnetite. 27,401 0. 67 0. 45 0. 530 14, 548 05
MiSSOUM . ve e, Hematite .ocoevennnnen, 508 0.44 0.44 0. 440 222 64
N 1111111 0 140, 091 0.89 0.13 0. 463 64, 021 43
New Jorsey Magnetits .oooonvanen... 350, 674 0. 89 0,22 0. 546 101, 506 05
o FOU .-.! Timonite .. 14,271 0.49 0,22 0.433 6,185 18
New York.......... R [ IO 43, 502 0.89 0, 26 0, 605 28, 655 09
Do..ccuaa s Fossil ..... 45, 702 0,27 0.18 0, 228 10,455 52

L Magnetite 03, 251 0.89 0,13 0. 347 32,414 96
Do.eeneas Hemntite 8, 860 0. 22 0,22 0. 22 1,971 20
Olio vaaeananas Carbonnte 50, 260 0.22 0. 089 0. 179 9,008 72
Pennsylvania -t Limonite ............... (46, 261 108 0.15 0. 454 293, 628 41
DO vernenan Tossil ... 102, Y01 0,40 0. 08¢ 0. 264 27,024 81
DO.veeraeeneeeneen ... | Carbonate .... 12,287 0.13 0.13 0.18 1,597 31

0 U Magnetito -... wae 210, 828 0. 89 0,22 0. 470 99,110 42
Specular. oot 1, 486 0.53 0.45 0. 478 710 90

Limonite ..ovenesann.- 7, 942 0.22 0.080 0.127 1,013 64

...{ Fossil ,__.. 40, 724 0.28 0.20 |- 0.234 9,554 94

Virginin coeeaveveeeanna.,. Limonite .. 37, 520 0,22 0.09 0. 218 8,128 36
Do....ﬁ............,. Magnetite . . 84 0.09 0.09 0. 00 7 56
Do Specular...coiiieenona. 13, 440 0,28 0,22 0. 237 3,192 10
Limonite .....cooveenas 3, 035 0.18 0. 089 0.178 524 02

Carbonate ceveenneve.... 18, 798 0,04 0. 04 0. 04 551 92

et derta e aan 2,854,524 foocevnnvinaiaeniecn e 1,020,420 10

Equivalent to au average royalty of 43.7,cents per ton of 2,000 pounds, or 48,9 cents per ton of 2,240 pounds.

@ DPrinciples of the Manufacture of Iron and Steel, p. G02. b Loo. cit., p. 610,
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For comparison, I append sowme statistios since the census year, and also those for Lake Superior, Michigan, a
from the beginning of the development of that district:

Iror ove consumed in the United Steates,

Domestie, Imported,
Your, tons of 2,000 | tons of 2,000
poands, pounds.

0,744,000 | 060,412
I b 540, 780

4, 536, 530 b 545, 358
.............. ¢ 470, 974

a 3. M., Swank, In A, W, Williams' Mineral Resources of the United States, 1883, p, 116,
b Anuual Report American Iron and Steel Assoclation fur 1884, p. 40,
o Bulletin American Iron and Steel A ssocintion, January, 1886,

The world’s production of ron ore.(d)

Countrios. Year, T";glﬁf‘%_‘mo

Groat Britnin 1882 18, 622, 240
TUnited States 1882 10, 080, 000
' Gormany .... 1882 8,081,478
France..... 1882 8, 857, 000
Belgiam c.oviiniiiiiiiinaiieiiiaa 1882 275, 500
Augtrin and TTangary...vvenrnmean. 1881 1,147,100
R eeeriiiirannnan 1880 1,124,810
Sweden.... 1881 910, 532
Spain c..... vaen 1882 5, 510, 000
TEALY . cen e vrmmnne e imamaaaas Bt 385, 700
Othor countrios ceeevsvuneivarrennss 1682 1, 102, 0600
B4 031 711 RPN PN 62, 00y, 809

@ Swank, in Mineral Resources of the United Stetes, p. 100,

Mr. 1. Lowthian Bell(a) gives as below the output of the five greatest iron-ore produch;g countries for 1870,
1875, 1881, to which I add from J. M. Swanlk () somo returns for 1882, 1883, 1884

.

Contries. 1870, 1875, 1881, 1882, 1883, 1884,
Tona. Tons, Tons. Tons, Tons. Tons.

Tnited Kingdom.. ... 14,470,000 | 16,821,000 | 17,440,000 | 18,622,240 | 19,409,011 | 18,480,000
United States . ....... 8,210,000 | 4,500,000 | 7,074, 000 0,744, 000 | eeeerennannn 8, 550, 830
GIOYIINY evrneennrns 8,830,000 | 4,780,000 | 7,673,000 9,128, 181 0,807,411 fevuvnnneanenns
T'LANCO vevareranernns 2, 809, 000 2, 540, 000 8, 600, 000 3, 920, 000
Belglam coeeeennnnn.. 454, 000 865, 000 200, 000 280, 000 . .
2 P g e 5,000,482 |ieiineiininnay

Production of Lake Superior mines. (a)

Calendar yoar— T";;g&'lf d:;,.ooo .
’ 1880 eemmn e ememmenn 2,206,100
188 eanaenns 2, 509, 872
1882 eerenvaenns W 8,301,070
2, 034, 603
2, 620, 212
2,718,720

« Including novthern Wisconsin and Minnesota.

The total output of the Lake Superior mines from their opening in 1854 to the end of 1885 was 28,445,813 tons.

a Principles of the Manwfacture of Iron and Steel, 1884, p. 451, b dnnual Report dmerican Tron and Steel -lasociation, 1584,

/
VOL XVee3
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a Production of New Jersey mines.

Cnlendar year— Togg\gg(ﬁgpou
834, 400
825, 407
044, 693
583, 985
440, 956
339, 600
b
Production of the most important districts (chiefly magnetiles and hematites).
District. 1883, 1884,
Tons. Tons.
Lake SUPETIOT 1onnvnearneenas muanes| 2,634, 562 2, 750, 634
Vermilion lake, Minnesota...c..oo.. . Nob opened. 69, 678
B T 330, 881 261,212
Cornwall, I’onns)lvnnm 443, 034 461,768
Chateaugay, Lake Champlain. 218, 008 240,121
¢ Other Lake Champlain wines...... 872, 406 825, 860
NOW JOIBCY +araramegen ceaeaaannans 583, 985 440, 055

Mr. Swank’s table just quoted shows the world’s output of ore to have been in 1882 over 52,000,000 tons. This
is roughly six and one-half times as much as the 805 mines of the United States produced in the census year. The
ability of the ore deposits of the world to meet this immense demand will nudoubtedly be one of the great questions.
of the near futurve. But vast as this amount of ore appears to be, it is small compared with that which will be
required to meet the demands of the future if the rate of increase continues which has roled in the past. China,
Siberia, southern Asia, South America, the great islands of the world, and Africa will each go to swell the demands
for construetion, and multiply the already enormous requirement for maintenaunce. '

d  We have not the data for directly determining the rate of growth of {he iron-ore produetion at home or for the-
world ; but it is probable that if we bad the data with which to construct the eurve of ore 1)1’0(1110t10u for the
world, we should ﬁnd that it would follow very closely the curve of pig-iron production.

On the accompanying diagram (Fig. 7¢) Mz, Putnam bhas platted  —

L. The production of pig-iron in the United States hetween 1854 and 1885.

IL The produetion of pig iron in Great Britain Letween 1856 and 1885. :

III. The output of the Lake Superior mines between 1856 and 1885. '

IV. The output of the New Jersey mines between 1867 and 1885.

The following table by Mr. Jeans, and here copied from Mr. Bell’s Prmozplce of Tron and Steel Ilanufacture, gives.
the eonsumption per hedd throughout the world:

%

e
LTI . o “| Tron all kinds, | Pounds per head
Iron.producing conniries, Topulation. tons consumed, constmen.
Tnited Kingdom 35, U068, 000 4, 618, 032 267. 53
Tnited States.cooueiiceaan. . 50, 152, 866 G, 065, 919 970. 92
TLADCO. ¢t veeeeccemincas s enans e vmananannearans 37,672, 048 2, 508, 706 149. 16
Germany 45, 104, 177 2,488, 957 123,36
Belginm . . B, 519, 844 687, 000 238, 20
Ruasia «.oooociaiiiaaa,, .. &8, 000, 000 965, 000 24, 56
Austrian territéries . 87,741, 434 625, 000 7. 09
Sweden AA NOPWAY «etrrnrnrecineananaennns 6, 801, 098 220, 000 : 77,07
f B S A 306, 639, 467 18,079, 514 ' 132,07
Other countiries of Turope, none oi‘ which ean 01, 6, 283 978, 449 23, 90
be regarded as iron. pmducmg
Total for Burope and the United States.. 398, 388, 750 19, 057, 968 107.16 -
British Possensions, exclusive of India......... 11, 465, 079 021, 483 " 121,40
7 409, 798, 829 19, 679, 446 107.57
British Possessions in Indin .inve currnecvnnn.. 446, 758, 606 481, 85) 2. 40
B U 5, 517, 000 18, 614 7.53
South America and islands ... .ooveee. o) e 45, 449, 357 274, 853 13. 50
Agin, oxclusive of British Possessions......... 517, 101, 778 113, 382 .49
M N O S S 1, 424, 686, 570 ’ 20,567, 746 32,38
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Tho curves on the diagram which show the average inerease in the production of pig-iron in Great Britain and in the United States
are of such forms that, in tho ease of Greaf Britain, for instance, tho arca bounded by the curve, tho axis of abscissas, and the orvdinate.nt
any year, indicates very closely (a) the lotal production of iron from 1835 to that year; and in tho case of the United States a similarly
bounded aren indicates tho total produetion of jron from 1861 to the given year. The rate of increaso of production in the United States
sineo 1861 has been a little greater than that in Great Britain since 1835, - As will be seen, the two curves, although of the samo general
form of equation (y%==a? x), have different values assigned to their constants, so that the curves are not precisely parallel. In 1866 the
United States had reached the produetion of Great Britain in 1835, that is to say, she was then thirty-one years behind the latter country.
At the end of 1884 shie was but twenty-one years behind England.  And at tho same rato of inerease for both countries, the United States
will be but fifteen years behind England in 1900, and will reach and pass her in 1950, tho production of pig-iron in each country for that

year, as determined frony the equation of their respeetivo curves, being a little over 30,000,000 tons. [B.T. P.]

& Or, to be miore precise, the arca representing the production of pig-iron in Great Dritain for the decado 1860-'69 differa from that Lounded by tho base, tho
ordipate at the beginning of 1860, the ordinate at the end of 1869, and tha curve (i. a., the actual tonmage for this period differs from tho compuied toumage) hy
thirty-threo hundredths of 1 per cent., the actual tonnage aren heing 1ho larger. The arca represonting tho praduction for tho deendo 1870="79 ¢iffers from thnt
bounded by tho base, the ordinate at the buginning of 1870, the .ordinate nt the end of 1870 and tho eurve (i, ., the actual tonnago for this pevind dilfers from the
computed tonnage) by vwenty-six hundredths of 1 povcent., the eetmal tonnase area Leing the smaller, The computed tonnage for the aliove (wo Periods eotnbined
(i, ¢., from 1860 o 167D, both years inclusive) is less than five thonsaudths of 1 per cent. largir thin the rotusl fonuage. . [T 1]
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In 1881 our consumption per head was, according to Mr. Jeans, 270.9 pounds, while that of Great Britain was a
287.5 pounds, and that of Europe and the United States together 107 pounds, and of the world at large about 32
pounds. Therefore, we have not yet reached the rate of consumption that obtaing in Great Britain.

The increase of population, the disappearance of forests, and the constantly widening range of application of
iron on both a large and a small scale, would, if continued as in the past, largely increase its use per head in the
coming century. All this would imply a corresponding drain on the mines of our country, which it is doubtful that
they could respond to., When we consider the comparative shallowness of the fossil-ore deposits and the lack of
continuity of the limonite bodies, it seems doubtful whether they would not be exhaunsted within a half century,
leaving the main reliance upon the high- and low-grade ores of the Archman areas, and on the thin beds of
Carboniferous ores, b

If the production of pig-iron in the United States continues to inerease at the same rate that it did from 1861
to 1885, there will be produced from 1885 fo 1900, as is shown by Mr, Putnam’s curve, (a) a total of 87,250,000 tons,
equal to 185,300,000 tons of ore carrying 45 per cent. of iron, This is equivalent to a bed 1 yard thick and covering
an area of 178 square miles;,

The total predicted between 1835 and 1950--nearly 1,060,000,000 tons—is equivalent to 3,180,000,000 tons of
ove carrying 33% per cent. of iron This amount would cover to a depth of 1 yard an area of 3421"0 square miles;
or it would form o deposit 3 feet thick extending 900 feet in depth and 2,007-% miles in length,

The more immediate result will be, as before stated, the rapid cxlmmtlon of the known deposits of rich ores
and the more extensive mining of liose of lower grades.

To bring Asia and South America up to the same cousumptlou per head as Russia, or say 25 pounds, would ¢
require an inerease in the world’s product of about 80,000,000 tons of 40 per cent, ore.

But if no unforeseen caunse should intervene, the coming century will see the habitable lands of the whole globe
divided among and oceupied by rapidly-increasing populations of IBuropean and of Chinesc descent. Should there
be nothing substitnted for iron, it is difficault to see how they could do with a smaller consnmption per head than
* that of Burope and the United States, or say 160 pounds, and it would require probably more than 100,000,000 tons

of ore annually to supply the demand before the end of this century.

If we may assume that the eurve of the world’s production from 1885 to 1950 will approximate in shupe that of
Great Britain, and that this will continue to be of the same form as it was from 1835 to 1885, (b) then taking the
"world’s output of ore in 1882 at 52,000,000 tons, or 2-8 times that of Great Britain, there would be required for the
period from 1885 to 1900 a total of over 1,454,000,000 tons. This would cover 1 yard deep an area of 156+ square d
wiles; or occupy a deposit 1 yard thick, 900 feet deep, and 917+ miles long, ]

I‘or the period from 1885 to 1950 there would be required, under like assumptions, the enormous amount of
nearly 10,635,000,000 tons, equal to a bed 1 yard thick covering 1,1444%; square miles; or to a deposit 1 yard thick, 900
feet deep, {md 6,714 miles long.

There can be little donbt that the invention of new kinds of steel will tend to largely increase the efficiency
and durability of the metal, and so diminish the amount used up in maintenance.

There can also be little doubt that a]umlunm will become an wumLLble metal, and that this and other light
materials will be used for many purposes for which' only iron and steel are now employed But it may well be
doubted whether this saving will not be compensated by a more extended application of iron in other directions.

¢ The ordinates for every fifth year were computed by the formula: Y?=(ny)2X?; in which Y=1=2,000,000 net tous, aud
X=0.9=ten yoars. To the value of Y (expressed in tons) was added in every case 731,544 tons, being the production of pig-iron in
1861, The ares of cach five-year period was then computed on the assumption that the curve between consecutive five-year ordinatus
does not diffor senaibly from a straight line,

b Y2=—=(5d) 2X5% The total production for Great Britain and the world was computed Dy means of this formula in a manner similax
to #hat above deseribed for computing the total production of the United States.



.THE CENTER OF TOTAL PRODUCTION OF IRON ORE IN THE UNITED STATES IN
THE CENSUS YEAR.

BY BAYARD T, PUTNAM,

The center of total produetion of iron ore in the United States, nsing the expression as defined for the conter of
population, in the Statistical Atlas of the United States (1874), and in the volnme on the Population of the United
States (1880), is the point at which equilibrium would be reached were the ecountry taken as a plain surface, itsell
b without weight, but eapable of sustaining weight, and loaded with the iron ore produced during the period under
consideration at the points where it was mined, each ton exerting pressure on the pivotal point directly proportioned
to its distance therefrom. .

The center of production of iron ore in the United States in the census year is found to be at latitude 41° 184/
north, longitude 800 144/ west from Greenwich, This pointisin Cussewago township, Crawford county, Pennsylvania,
abont 12 miles north, 231° west from Meadville, and midway between Potter’s Corner post-office and Crossingvillo
post-oflice. .

In determining this eenter the production of iron ore in each county was assumed to be concentrated ab the
geographical center of the county, excepting in cases where such an assumption was manifestly erroneous, (a)
The geographical center of a county was considered as heing coincident with the center of gravity of a plane of
¢ uniform weight, of the exact shapo of the county. It was obtained practieally by cutting out carefully tho county
from a map (seale 5O miles to the inch), and ascertaining the center of gravity of the piece by supending it
suceessively at three points and tinding the intersection of the vertical lines through the points of suspension..
The geographical conters of the counties thus obtained were platted on a map. These several centers of ore-
production were then grouped graphieally, in accordance with the mechanical principle that the sum of two
forces, acting at & point between them, and distant from either inversely as tho force, exerfs the same pressure on
the pivetal point as the two forces acting separately. The rvesultant of the two connties was combined with a
third county, aud so on, until the resnltant of the whole state, or in other words, the center of produetion of the
state, was obtained, The latitudes and longitudes of the several state centers were then determined by measurement,
and the moment of each state, with reference to an asswmed meridian and parallel as axes caleulated in the m'dm.\ry
& manuer, 4. ¢, by multiplying its outpnt in tons by the difference in latitude (expressed in minutes) between its
center and the assumed parallel for the north or south moment; and by the difference in longitude (measured on
the nearest half-degree-parallel and expressed in yards) between its center and the assumed meridian for the cast
or west moments, The difference between the sums of the east and west moments divided by the total product of
ore in the United States gave a correction for the position of the assumed meridian, that is for the longitude of the
center; and a correction for the Jatitude of the center was similarly determined.

The method of combining the counties as above explained will give necessarily o result for the position of the
center differing somewhat from ibat obtained by caleulating the moment of each county, as in the latter case the
distance from the pivotal point, 4. e., the length of the lever by which the force exerts the pressure, is measured on
the parallel and meridian, while it is not so measured in the graphic method, DBut the difference is very slight,
e especially within the areaof any one state. The position of thé center of the total production of the whole United
States, as obtained Dby the use of the graphic method throughout, was latitude 41° 52/ north, longitude 80° L0/
west, which differs from that obtained by caleulation of the movements of the several state centers by less than
4/ in latitude and about the same amount in longitude. It is scarcely necessary to say that of the two methods
the graphic is very much less laborious. )

@ For instance, only one mine in each of the states of Maine and Oregon produced ore in the eensus year; the center of production
of these states was therefore taken as at these mines, Again, all the miues in SBaint Lawrence county, Now York, are in the southern
part of the county, near Gouverneur, and that town was consequently taken as the center of production of the county, ete.

g
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a The “center?, as above defined, is the one used in all the census reports thus far published. It is not the only
point, however, which might be taken as satisfying the expression, the center of total production, and it moreover
has a disadvantage iu giving undue importance to a ton c¢f product, simply because the latter is at a relatively
great distance from the center. The 7,000 tons of ore mined in Oregon have as much influence in determining the
longitude of the center of total production as 70,000 tons mined in Preston connty, West Virginia,

Another “center” of total production might, for the purpose of indicating the average movement of the
industry daring a given period, bo defined as being at the intersection of a meridian and parallel, the former dividing
the east and west production equally, the latter dividing the norsh and south production equally. Such a center
of the production of iron ore in the census year is in about Jatitude 40° 51/ north longitude 770 40/ west. This
point is in the east central part of Centre county, Pennsylvania.

Both of the above points are indicated on the map of the United States, Plate XIV,
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TABLE 14— Siatistics of the production ¢f tron ore, by states and counties.

[GENERAL REMARKS,—With tho exceptions of columns 5 and 6, in which the regular aad irvegular product are combined, all the questions in columng 1 to 40, both
fill year's production nt thoe rate of the month!y production dnring the census year. Capital in real estute rofors to mineral right only, Working capital, when
the oviginal figures have been replaced by estimates, Furnaces: Great cave has Leen taken to avoid duplication of tho products of regular mines in entering
ores to thelr true sources as far as possible, Turther explanations will bo found under each state, The full title of Mr. Swank's report, referved to in tho
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inclusive, relate to rogular establishments only. Tons arvo of 2,000 pounds througheut.

STATISTICS OF IRON ORE MINING.

TABLE 14.— Statistics of the production of iron ore, by states and counties.

41

Alazimum capacity, when not returned, has been estimated as equal to ono

not returned, has been estimatod as equal to one month's wages and materiala, Employds Whorwm‘ the maximum instead of the average number was returned,
the amonnts mined or bought by furnaces. In computing these amounts all the blast-furnace retuens from the neighboring states were consulted, so as to trace the
remarks, i8 Stalistics of the Tron and Steel Production of the United Staies, compiled by James 1L, Swank, special agent of the Census.]
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TaBLE 14.—Statistios of the production of iron ore, by states and countics—Continued.
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TABLE 14.—Sfatistics of the production of iron ore, by states and counties—Continued,
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750 | 1,000 |oeeeerforesiecenfoeeeeena e 8,808 | 5,317 | g Sncraily low, » 2
' ' aterinls include powder, lumber, fuel, and foed for oxen, liorsos, and males.
2,050 |..evnions [P PP Yreed for oxen has been estimated at $1 per month, foed for horsea at $6 per | 3
month, and feed for mulea at §6 por month. To lotal mntorinla may be 4
JRRERR ! MRt A Temesee : added $1,362 for half-fsed of horscs and mules during idle time of mines
[ EP . S e e e S P temporarily suspending operations during tho consna yenr. 5
Furnaces: Tho following data, referring to mines operated in connoction
wilh funrnaces, ave probably dnplicated by Mr, Swank's roturns: Num-
5, 000 8,000 |.iaae... [ PR RIS PPN O \&g;%ﬁ:ﬁnilﬁa, {3 %’1?( 1};(2;&773;)%54 t({ust; ;i\%\z%mil‘(ii%;i Eﬂllﬂ?“'{*-glgio“'"g'ﬂﬂi [}
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3,600 ST RS . 10
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DELAWARE.
4, 400 $150 {..enen.s [ P O IO PN g
4, 400 150 {vevmrnenenfonnencnrns]oansaneans RSN IR IR RO ereeenean eeeereemmeeneiaes v terunmeeameaeetenasenacranervanara| 1
GEORGIA.
$1,950 | $16,800 1.]. [ aenveanan J 18,711 | $22,080 | Qapital in real estais, when not, roturned, has been oatimated ns cqual to tho
y ; ez | TOYOLEY 01 81x full yoars' production at the rate of the monthly production
in tho conaus year, .
........... t JS O R 730 3,200 | Materials includo powder, fuel, lumber, and foed, the latter estimntod at§5 | 1
1, 000 15, 000 2 081, 4,730 por hoad per working month, To tho {otal materials for the stato maybo | 4
' % | Sk bbb A R A A ) ' ndded $615 for half-feed for horses and mules duving idle time of mines | ©
250 1,800 liveanevsnnfvanannnneefananas R (R 15, 000 18, 000 tomporarily suapending oporations during tho consus year, 3
Furnaces: Tho following returns of mines oqemtud in sonnection with fur-
naces ave probably duplicated by My, Swanlk’s returns: Number of minos,
3, Prolduct, 21,441 tons; wvalue, $20,087, TmployGs, 104; wages, $10,160.
;})unlrostnto, $11,400; plant, $5,160; working oapital, $5,000; toinl oapitnl,
21,5650,
KEN'I_‘UCKY.
teamarennelesnamaanas 1 4, 040 \ $10, 165 | oavinnnnn $6, 000 20,847 | $06,820 | Wages ropresent net wagoes,
AU SO N P, o : S, P JMaterials include powder, lumber, fuel, ote., and feod, estimated nt $6 pov
hend por month., “Foed has been added-to the original returns. Lo total
............... creas 550 1,875 eeveerenaidirianenaedemmeeenaiieenioooi miaterials may bo added $1,002 for half-feod of horaes and mules during idlo | 1
1 300 2 780 1 881 5776 time of minea temporarily suspending operations during census yoar. I
''''''' Slrmenseenne 4 g ek EAA R ! g Capital in real calate, when not returned, hns been estimated ng equal to the | ©
.......... (S PR S P 12,254 | 82,058 royally on six full years' production at the rate of the monthly preduction | 3
1, 500 3 000 3 000 in the census year, 4
"""""" 1 ' ' tremmrreerprnnscsrces| Purnaces: Among tho returns from mines, the following from those opoerated
s g
O P ET e [ deveonnnnns 141 524 by and in connection with furnages aro probably duplicated by My, Swank's | 5
: roport: Number of mines, 8, Produel, 69,061 tons: value, $85,849. ITm-
ployés, 307; wages, $61,206. Ronl estate, $541,000; plant, $806,060; working
[ PP P [P P [ [ P divevenrnos]eanarenans capnl, $57,400; total caplital, $679,350, i
0 8 000 3 000 Number of mines: The 8,505 tons roported from one mine in Lyon county q
1, 5! " Tt (il R IR AR cnmio from forty oponings, cach of which might be, inappropriatety, ealled 8
N PN P T g G N P a ming,
R R PP, B N T 11, 435 25,070 |iceciianninnnn e emees et iieaaavemnmneetseatasninanannanontunsventonnninans] §
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TABLE 14d.—Statistics of the production of iron ore, by states and counties—Continued.
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TABLE 14.—Statistics of the production of ivon ore, by states and counties—Continued.
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TABLE 14.—Statistics of the prodécction of irom ove, by states and counties—Continued.
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, ’ Tho Btato.....ooooveana... . 8 455 {oeananen]ieniennan 33, 628 $2, 354, 25, 000 $350 3, 18
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TABLE 14.—Production of irvon ore, by states and counties—Continued.
_MAINE.

IRREGULAR PRODUCTION.

Bought by far-

g:, Mined by furnaces, naces,
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The original return for materials was $2,000, to which $1,500 has been added
or feed. :

MARYLAND,
$17, 164 3,881 $12,244 |  $3,600 l #4, 004 ! 78,107 | $201, 897

[N P [ [N Hevnacasanafamnensenas 3,712 14,487 | Product ?‘lf mincsnoyiemf(-d by ﬁiw:lnnccs.i Among the "nlxirlm schedulf,zlq" 1

5 5 o, y proper there wro 9 mines operated by and in connection with fornaces, Thoe
Tmmmmeaees 160 1,005 8, 080 500 1,704 254 &8 aggrogate production of such mines was 33,603 tona, valued at $61,500; 2
13, 064 S 14 PR S RN 38,300 | 145,015 H}ﬁl}(\)};lni\:et'faf 51;11}}(3,\')69,1170; 11();1\1 wugcai bi\;tl.ﬁ;li!; un]xillnl. iulr{m% egue, | 8

] $107,500; in plant, $40,004; in working capital, $18,250; total eapital, $208,714.
1,700 1,800 1. el e 8,616 35,665 Theso amounts are probably dnp]i(*ulmllby My, Swank's \-c,(ulrns. ! ' 4
[ lenermmanes 2,00 8§, 004 3,100 1,800 [ivrenranni]onnercenas Wajres vepresent tho net enrnings of employGa. ]

Materials ineludo coal, lumber, powdor, fiae, ofl, iron, tools, and feed, Tho
2, 400 2,000 feevnnnnnns cmvarrenas|onneaaccas [ 823 677 latter reckoned at 9 per month per iend (mule or hovsey, during tho time | 6
277 845 the mine wagin oporution. Lo this may bo added, for halt-feed of mulos 7

e A b RERhhd Sl Rhbdhbh Thamsersne - i and horses during idle time by mines temporarily suspemding work daring
vemmrenean]iaan e T N venmeranerlinnniesnes| 14,676 53,737 tho census year, $1,676, making the total valuo of materinls §25,402, 8
26 100 9
12,019 41,433 10
.......... 560 500 {.eneennn. 111]1 10 AN PR 11

MASSACHUSETTS.
$34, 000 5 SRS IOSRRPN FOPURRN! FOTRR
84,900 |.non.. R ST 3 RN F— BTN PPN e ea !
MICHIGAN.
$E3R, da8 ’ . . Maximum capeelfy, when not given, hias been estimited oynad fo 8 months’

production (in tha cage off opun-eat mines), at the wmonthly rate of ]prmluu.
tion during the consus year, but in tho_ easo of min s whichowork wholly or
partly nnderground, to 12 moeuths’ produwetion.

Value at mine, whon not given, s been estimated at the price ¢n shiphoard
for 1870, aa given by the Mavguetto Ainding Jougial, less $1 50 perton fur
railroad freight and Joading ship.  The vulues retmned Ly they aperators
nre, almost without exeeption, those ruling in 1876, Axthe oremined duving
tho spring ef 1620, althomgh not sold in thoe comsug yo o, was warth thoe prlees
brought by ores in 1880, which weee wbont 30 per cont. higher than thase of
1879, wbont 50 jror cent should bo ndded to the value of one-hall of the eon-
gus vear's production, 4, e, $1LACS,002 making the azgregate valoo of thae
production for censug yenr $7,543.310,

Capital tn real estale, when not returned, has been estimated as equal to the
rayalty (when not given estimated at 60 conts per ton) on the production of
73 Ml years nf the rate of* tho monthly produetion during the consus year,
This igun tho supposition that {the mmes will genvrally last not less than 10
yeurs, the difference between 74 and 10 being ullowed for pain of interest,
These estimates will seom low in proportion to the protits of the mines, hul
thosoe profits do not represent thosoe of the owners of mirer ) land but ot the
operators of the min: s, and inetude interest on the eapital invested in plant
and on working capital, and the profits devived from the business of von-
dueting thowines,

Wages invo haen taken to veprosent the net earnings of miners, vle., ag they
tvo not high for (ho region,

' Materinds include explosives, lamber, fuse, oil for lighting and lubricating, iron
ior all purposcs, tools, ete,, together with foed for horses and moles. 1t has
been assmued {hat the lInlter was, as a ride, inoluded in the oviginal veturns.
Whenever the retins were not sufliciontly Inrgoe to include feed, $19 per
working month per hend hag been added,  To the total matevinls tor the
state showld be sdded, for half-feed of horses and mules during idle time in
tho case of mines temporarily suspemiling operations dueing the census
yoear, $2,781, .

Limber, unsawed, when used and not returned, has heen estimated at § linear
foot per ton of ore minal and valued at f cent per linear foot, tho prien
retwned in many cescs,  To total amonnt of unsawed lumber udd 25 stull
piceos, reburned in a “‘note’’, but included in value,

Cord-avood, when not vidued, hns been estimatod at $2 por cord.

Lagmber, sawed, when not valued, has been estimated at $12 per 1,000 feot,

i
Tzplosives, when used and not piven, hnve been estimated at 5 & and 18 centg
. per ton of ovo wined, nccording to the purpose for which explosives were
' : used and the kind of ore. .

G8, 000 e B R I S I IR
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TABLE 14.— Statistics of the production of iron ore, by states and countics— Continued.
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i Tons, Tons, Tons. { i
: Tho State.nenrserecaecnenneans 48 D08, 001 380,197 | #1, 074, 876 386, 107 | $1, 074, 875 358 10 1,435 90 l 1,808
J - - S o RSURRIE SR SR N e e . {
1 i Crawford ... 14 169, 487 87,033 210, 308 87,033 210, 368 308 1 4406 |
2 { Demt...... 16 107, 604 58,878 146, 071 8, 878 140, 071 476 20 44
1
3 Franklin H 32, 460 8,064 24,723 8, 04 24, 725 58 . 66
4 | Gnsconade.. B T 1,120 2,750 1,120 2,750 20 foavuininnn 20
D 7 N reeneans 3 188,000 57,207 | 138,008 57,207 1 138,003 114 20 454
| 1
O PholpBaeeen ceeneennen e anaas 9 66, 826 29,826 76, 435 29,320 70,435 |.evnnnennn 180 4 104 ]
7 1 Saint FLaneois «coves vevenneernnennn. 2| 341,085 144,206 | 1,002,050 | 144,205 | 1,002,051 o R 255 45 303
8 | Washington .vverennnn..s eramenas 1 2,240 214 382 214 1 1 RSN IO P O ] 20
1
NEW JERSEY,
- | !
l The State. ... (R TTTTPYNN 109 | 1,487,820 754, 872 | $2, D00, 442 751,872 ’ $2, 910, 442 3, 204 (1] 1,885 9 | 4,811 |
i - BSE F D —
1] BuEECR ceeereeee e e eeeae e eans 1 3, 500 280 1,250 280 1,250 [eammeeaidinnannes Gloeaeennn. i T
9 ‘; I G 18 74, 648 19, 627 82, 515 14, 627 82, 515 141 1 D3 8 018 |
3 | Morris.... 66 | 1,084,813 508, 420 } 2, 868, 810 508,420 | 2,958, 819 2, 451 62 B30 57 3, 400 1
4 ‘} 1] 60, 550 20,160 54, G0D 20, 1¢6 58, 660 4 1 61 18 iay !
5 15 225, 250 &7,185 244,776 86, 603 254, 776 40 a 220 8 ( 687 ;
1 1
G ! 14 89, 074 60,214 169, 422 50, 214 150, 422 249 9 174 0 ‘ ditl é
NEW YORK.
- \ ‘
The SLALO.eeras aoeeenraenenrnns 78 | 2,140,120 | 1,230,750 | 3,400,182 | 1,262, 127 | 48, 654, 872 2,417 95 2,083 10 | }
_ e T B ey e -
1§ Clintolt uueens Beaeaicaieraeaaanas i} 200, 692 02,106 854, 584 02,108 354, 584 [0/ R 203 10 | 813 \
21 Columbin . ...... enmeranaaan 3 40,340 18, 224 73, 219 18, 224 78,210 fuevennnndennnnns . 87 3 f 90 |
B U DUECREHA camrneevomccnrenaeenanans 11 147, 880 125, 859 390, 672 125, 850 806,672 }.evona. ... cememarans 4060 38 | 504 %
R e U 13 770,121 830,044 | 1, 809, 203 631,807 { 1,811,718 1,181 3 L1 I S } 1181
5 | Jefforson ...... PR veevsaaen ceven 4 131, 000 64, 111 151, 081 64, 111 151, 081 -] 2 200 jae-eniains 284 ‘
8 Oneidit.eenannis T vesanan 8 00, 720 87, 052 63, 600 87, 062 43, 809 11178 PPPURRRIPIR 1556 15 284 !'
ki 16 138, 620 88, 988 264, 434 80, 662 266, (30 n 14 1 5 427
8 8 202,070 76, 446 170, 050 6, 446 170, 050 217 18 228 b 408
8 ! Riohmond veunee..n.. 3 7, 40 8, 288 14, 530 - 9,318 18,083 |eeuenennn. Y 41
10 j Saint Lowrence. ... .. 2 41, 800 30, 390 81, 400 30, 654 82,015 L2 B P 20 feeivnann &0 1
1 ! Washington ...... e raeen s 2 44,800 | , 18,802 47,700 18,802 | v 47,700 76 |ennnneaens {
22 | WAYIO e ie cieeenatremr cnenaaes 4 97, 440 48, 300 81, 870 48, 800 81,3870 ..., Cnmmafeeavserans
13 | Namo of connty not given .....cceojoan.. P . [ PR 19, 446 47,000 |aecnenencdivnencuan: ‘

aIn (able 8 this amonnt has been apportioned as follows: To Dutoliess county, 705 tous; to Qrange county, 1,180 tons; to Putnam county, 17,671 tony,
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TABLE 14.—Statistios of the production of iron ore, by states and counties—Continued.
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TABLE 14.—Statistics of the production of tron ore, by states and counties—Continned.
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TABLE 14.—S8tatistics of the production af iron ore, by states and counties— Continued
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Remarks,

gimg

census

Jear.
machinery.
o and brin

to farnace.
ty, census year.

labor in predune-
within the coun-

in

Value of all machinery.
Value of buildings.
Value of produact.
Value of tools and
Estimated value of
From small mines
Amoﬁnf; paid for

this ore.

Product,

w
-
B
]
-y
g
1
w
o
[

44 45

B
-]

Tons, Tona,

$181, 808 $8,080 | eenvenan. [ PN U IR, vemeee o ool Weges ropresent net wages,
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.......... 100 Taurnaees: Thoe following returns from mines operated iy, and in connection
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48,233 Loeeeaa,

mines, 9. _Product, 42,784 tons; value, $72,668. Lmployos, 238; wages,
$40,760, = Real estate, $120,600; plant, $11,495; working eapital, $25,000;
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TABLE 14.—Statistics of the production of iron ore, by states and counties—Continued.

NORTH CAROLINA.
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TABLE 14.—S8latistics of the production of iron ore, by states and counties—Continued.
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TABLE 14.—Statistics of the production of iron ove, by states and counties—Continued,
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TaBLE 14.—Statistics of the producté‘on of iron ove, by states and counties—QOontinued.
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IRBEGULAR PRODUGTION.
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TABLE 14.—Statistios of the production of iron ore, by states and countics—Continued.

PENNSYLVANIA—Continued.
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TABLE 14.—Statistics of the production of iron ore, by states and counties—Continued.

PENNSYLVANIA—Continued.
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MINING INDUSTRIES OF THE UNITED STATES.

PENNSYLVANIA~—Cdntinned.
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TABLE 14.—Statistics of the production of iron ore, by states and counties—Continned.

PENNSYILVANTA—Continued.
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TABLE 14.—Production of iron ore, by states and countics—COontinned.

YERMONT.
ag ' 9 ] >
: § E : g o EMPLOYES,
E 5 ] 2 {f%z k k o ® %
g & 1 % $2% 3 g k £ €
© 2 g g =8 E &b - 2 = 2 2 5
g Sg | By | € gas g < & ? < £
(] 2 ] =38 =] g
= Eovel = b AT S , , . &
Countles, 3 "55 2 E' Eé 3%% g T ’ég B 'EE B
5 22| 38 eR | 83E | 3 | EE | 2 %a 2 s
b oA % A oy 2 gh | EB | g g g
;| E 2 % - 2 - L L I :
-] g @ 4 @
g | 2 = a8 g g o % o 2 q
5] & B ‘d 2
7 g & F & > A A A A &
1 2 3 4 5 6 4 8 9 10 11
M Tons, Tona, Tons.
The State. ... ..cc.vene. JO 1 1,120 660 $2, 7650 560 $2, 750 Tlevoarinans 28 TRV 15
1] Freonklin. cvviniinnreninriannnn. P 1 1,120 560 2, 7160 660 2,760 T lenrnvmonns - I P, s 16
VIRGINIA,
The State....ccoviinrieanannn. 206 | 1,404,624 169, 683 $384, 831 182, 320 $430, 886 338 10 655 86 230
1 [ ATDEMALIO varsennnriernimeurennefeenrnes e s e [ e 53 200 [mevenendeimnaminns]oeeeaail, P PO
2§ ATIOEIAIY 1 eceennreereanraransesnns 8 174,720 61, 100 125, 243 61,108 | 125,243 108 1 100 18 812
I ) T 3 224, 000 10, 640 42,750 10, 840 42,750 76 1 89 2 148
4| Aungusto......... e e, 2 85,120 16, 652 88,815 16,762 83,823 40 8 182 § 180
[N T8 1 L RPN DRI SOOI NP 600 60 |evenennceefionananase]ioancnserilenciisvcasdivinennna .
G | Bototourt. ..., Cawsumen veeemaviacaont 2 268, 860 28, 225 63, 003 28, 225 03, 003
T Camphell.covrveimnnniainniaianns 1 84 84 160 808 034
- J N g 14 178
9 | Nelgon.oouasvanannanrieasscncamnnans 1 56, 000 8, 860 - 15,000 3,360 15, 000
10 PRtbaFlvamin ceveae ccv i iiiiiceie s e cccene e e s ruanan rreeaenan 11,202 50, 814
11 | Rockinghal vucers viaveevaancrcannn- 2 187, 000 81, 860 64,000 81, 860 64, 000 [ I 48 2 56
12 | Shenandoah. . .oivecvnevnanen suacanns 2 156, 800 7,840 14, 220 7,856 14, 288 28 8 6 2 87
13 | Wytho........ peemsadivesnnmnn [ 6| ., 252000 10, 416 26, 650 10, 416 26, 650 14 lievannen B0 leunavenens 44
14 } Name of county nob given ..coveenes]ounnni|evnvninemeclmnnnn neeesaftaneennarnan 434 2,208 |ovenrncnninannrannifeacesnnsertianancemnefocnisnance
o
WEST VIRGINIA,
Tho State....eveneennns veenns 8 140, 520 60,871 $38, 595 01,216 | 41, 057 150 |.eeeennnns 114 2 200
1| Bragton voevecenecereonrnen RO 1 5,000 2, 500 8,333 9, 500 8,933 10
2 8, 600 . 7,000 10, 6500 7,000 10, 500 25
3 6,720 448 400 448 400 6
L A U U PUUN IR IR 845 2,462 |..
5 186, 80O 2, 800 5 000 2, 800 §, 000 |. ae
B | Preston.cceeeeievecireanarranreans 8 75, 500 83,825 44,722 83,825 | . 44,722 85 |uauncennns 44 1 130
7 | Taylor....... Cerene eaamsrsansesannas 1 28,000 13, 788 24, 640 13, 798 24, 640 50 |iceanennns 16 1. a6
WISCONSIN.
Tho State..eneueaeivecsrnnnnans 2 45, 600 41, 440 73, 000 41, 440 $78, 000 20 2 87 3 63
1 DOAER «ennvnernn vannvnrennns eeren 1 40, 600 39,200 70, 000 89, 200 70, 000 20 2 20 3 54
2| SRIK. cveannraaereeninnanns \ 1 5, 600 2,240 8,000 2,240 8,000 |-vmenanncovenanrnn, gl..... ... 8




STATISTIOS OF IRON ORE MINING. 61

TABLE 14.—Production of iron ore, by states and counties—Continued,
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TABLE 14.—Production of dron ore, by states and counties—Continued.
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TABLE l4.—Production of iron ore, by states and countics—Continued,
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MINING INDUSTRIES OF THE UNITED STATES.

TABLE 15.—Statistics of the production of iron ove, by states.

[Nor#,—~With the exception of columns 5 and 6, in which the regular and irregular product nre

o B B2 B3 e

< e~ o

11
12
13
14

16°

18
17
18
19
20

21
22
2

Y ) [} ]
@ ° g c <8 EMPLOYES.
E . Eed - = P p]
ilel g g 3 i5% NEE
o =% o ] 8 3 = ~ =3
f g El 28 g g 2 S 2
p ! g B ) BB E A - «
; - E =5 =23 2l 8§55 g oy | -
States. EN s B Al R o g & o o 3
+ s o< m = =89 s e et £
a = e m o <) g8 B3 H =N~} S8 =} g
S ] a om = =1 %5 (= 8 a8 B Eu 28
b % ] k- P e 3 &'kb ] e
bt M = 2 “ oo ¥ 8 5] 5
] 5} g 5] p@ ?n =]
a a =) ] ) —e D )
g g 2 2 3 SEE 3 g 2 | B
1= wrd :
& & 2 & s & S s a 5
(] 1 P 3 4 5 6 v 8 0
Tons. Tons. Tons.

Total vevveeveares [ [ . 180 805 | 13,462,017 | 7,004,820 | $20, 470,750 | 7,074,800 | $28,150, 957 13,735 2401 16,845
ALADIMN. e aaennncanantadennstaerennns 10 W 810,109 |- 184,110 189,108 1M, 670 201, 865 100 6 590
Connectionb. . couvuieiinassisamssvsranerneacennn 1 4 45, 800 35,018 147,709 35, 018 147,709 200...00ees 170
DelAWAL® cvversvmrvansmrnnmevanannsanas 1 2 18,380 2,720 6, 653 2,726 6,663 [veveneiueifonranann 30
GROTEIR. < vvermrvmcnnnnannesanireananan . 3 7 101, 167 72,705 120, 692 91,418 143, 622 50 Joeeinnns 287
KONENOKY vevveeammmnaonnesmannecnsncssanroanns 9 5 105, 420 33, 522 88, 030 G4, 809 165, 905 -4 3 PR 265
Tndianm e e vreemneciincnnsoncesnoanamemaras b PR N PRI P 518 1,018 |iienvmenasfoonceee]inn T
S T 1 i 12, 000 6,000 9,000 6, 000 9,000 [cevnnmnncifennnnen 20
Maryland .o i 11 13 145, 206 67, 940 118, 050 130, 628 421, 601 12 feienns 205
Alns8AChUBOLLS ceeane tasnsnsarrenenrennenns 1 9 87, 860 02, 637 226,130 62, 637 228, 130 224 .o 134
LY T 7.4 « g U 2 43 | 2,993,365 ; 1,837,712 6,004,048 [ 1,837,712 6, 034, 648 8,120 17 2,220
Missonrd ceaen.nn. srrenunsanrerrmmm e a s 8 48 908, 001 886,107 1,074,875 386, 197 1,074,875 | 358 10 1, 435
WOW JOIBBY . cunucocersnnersserrsvmmmesnnmyonns [} 100 | 1,487,820 754, B72 2, 800, 442 757,372 2, 010, 442 3, 264 60 1,385
Now York -cvroeaennnann FS 18 78 2,140,120 ] 1,239,750 8,400,182 | 1,202,127 8, 654, 872 2, 417 86 2,084
North Caroling. ...ooooiviiiiiniiiiriiaiannnen. [ 3 - 11,980 8,270 5,102 3,318 5, 285 10 feernn-- o8
Oregon. . vveneaess ceernrsnemmnna 1 1 22, 400 6,072 4,669 6, 072 4,060 1 [eennanns 4
L) T TSP 15 30 550, 168 108, 835 448, 000 547, 408 1, 269, 530
Pennsylvania . srvansaueann 85 358 | 3,408,506 | 1,820,561 4,818,000 | 2,185,675 5, 517, 079
TONNBBBEO 4rmecannariessrnsrmamsmnnnsnnnaennuns 12 34 218, 254 89, 938 129, 951 104, 465 147,181
Toxas..--- crremmmeanenninn O e 8,600 8,100
Veormont .. cevuaaes P 1 1 1,120 580 2,750 560 2,760
Virginis ceveeevannan 18 26 | 1,404,524 169, 683 884, 831 182, 3268 439, 886 838 10 555
Wost Virginia 7 8 140, 520 60,871 88, 505 61, 216 01, 057 160 jewennnns 114
Wisconsin ....... 2 2 45, 600 41, 440 78, 000 41,440 78, 000 20 2 97




combined, all the gquestions in columns 1 te 40, both inclnsive, relate to regular establishments only.]
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TABLE 15.—Statistics of the phoduction of iron ove, by states.
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TABLE 15.—Statistics of the production of iron ore, by states—Continued.
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TABLE 15.—Statistics of the production of iron ore, by states—Continued.
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TABLE 17.—Production of tron ore,
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72 o MINING INDUSTRIES OF THE UNITED STATES. '

a | REMARKS ON TABLE 16.

Table 16 containg the prinecipal results thus far compiled from the schedules of the produetion of iron ore
during the census year ending June 1, 1880. The ton of 2,000 pounds is invariably used.

' The second column of Table 16 gives the number of mines or establishments which have a regular industrial
organization, and from whom it was possible to obtain an account of the capital, wages, and materials employed.

The sixth colnmn, headed ¢irregular product”, gives the amount of iron ore raised between the above dates
by persons the principal part of whose livelihood was obtained in some other oceupation, generally farming, In
b twelve of the states there ave localities ivhere soft ore can be obtained from surface diggings. These are worked
by farmers during the intervals of agricultural employment, the product drawn by farm teams to the nearest furnace
and sold. The quantities of ore so preduced by individuals vary from b to 500 tons. In some ingtances, again, furnace
companies own the land on which the ore is dug, and hire the farmers of the neighborhood to deliver it at the
farnace for a fixed price per ton. This work is done in sueh an irregular and desultory manner that the only items
safely attainable are the amount and value of the produet, although the total so produced amounts to over a ninth
(11.4 per cent.) of the entire tonnage of the country. An account of purchases of ore was obtained from the furnace
companies in these localities, with the name of the producer, the price and technical name of the ore, and the name
of the county where the ore was mined, or, more properly, dug. Great care has been taken to avoid duplication of
any of the amounnts so produced, by compmrmg the names talken from the books of the smelting estabhshments
¢ with the names on the regular schedules of production received from our agents.

It will therefore be observed that no items based on this ‘“irregular product” appear in the columns of employés,
wages, materials, capital, etc.

The columns of production, both, “regular” and “irregular?, eontam 10 estimates, but are made up from
authentic returns.

A small amount of ore raised in Colorado is omitted, as it is nsed as a flux, and does not, as yet, affect the
iron-manufactoring industry.

The total prodnction, 7,974,806 tons, exceeds the amount reported as consumed in manufacturing establishments
by Mrx. Swank (7,709,706 tons) by 265,100 tons, There was imported during the census year at the ports of Buffalo,
Boston, Oswego, Philadelphia, New York,; and Baltimore 439,451 tons, from which it would appear that the stocks
d of-ore on hand must have increased during the census year about 704,551 tons, or that only 91.62 per cent, of the
ore produced (and imported) was consumed during the period. In view of the fact that there was a scarcity of
iron ore in 1879, and that many new mines were opened in consequence, whose stocks failed to reach consumers
before the summer of 1880, the two results are easily reconcilable.

The value of the ore is taken at the mine, or at the point of the delivery to a customer or & transportation

company, but always at the point where the expenses of labor and material, which come under our consideration,
cease. Where the ore is smelted by the same company which mines it, it not unfrequently happens that the cost
and value as returned are the same, since the ore is regarded as part of the furnace supplies. This hag had the
effect of depressing slightly the value returned to us below the market price, and of carrying part of the profits of
mining into the manufacture of pig-iron,
¢ In nearly all of the iron-mining districts of the country, though the systems of labor vary, it is the custom that
each miner or underground Iaborer furnigh his oil or candle, and when working by the ton, his own powder and
fugse. The amounts thus expended have, as far as possible, been deducted from the pay of the men and added to
the cost of material, in order that the column headed ““wages” might more nearly représent the net cash income of
the laborer available for his support. ' .

“Labor” ig classified with regard to age and occupation. In the underground mines the classes of employés
are well defined. In the open-cut and quarry mines the distinction between laborers and miners is more indefinite.

Materials used” covers everything consumed in the business, including, among the more important items,
feed for animals, timber, fuel, repairs of all kinds, tools, powder, fuse, lights, otc.

“#Capital” is divided into—
£ First, ¢ Workmg capital,” or the sum of money requlred to run the mine from month to month and to pay wages
and buy materials in producing the stock that is ordinarily earried. Taking the broad view of the entire industry,

this portion of the capital is represented by marketable product and is not jeopardized.

Second, “plant,” which represents the permanent openings, roads, buildings, machmerv, etc., which are subject

to rapid deten(n ation, require constant repairs, and are of little Value when the mine is ethusted

Third, “real estate,” which means the land as a mineral producer, its value as such béing considered apart from

its possible value for ‘agricultural or forestry purposes. This value is a fund which is constantly diminished as
the ore is withdrawn, and eventually reaches zero; and must he made good by capitalizing the royalties. The lands
in question are not wild lands, but such as are attached to a working mine. Their acreage cannot be given, as iron-
ore deposits are irregular in their occurrence, but their extent is such that for all practical purposes their present
annual yield may be regarded as not likely to be diminished for many years.
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REMARKS ON TABLE 17. &

Table 17 contains the averages drawn from the data in Table 16,

In finding the average net income of a man, the three classes of labor are considered together, and two boys
are considered the equivalent of one man in earning capacity.

Thoe year, which is divided in percentages of time lost and made, is the working year of twelve months of 25
working days each.

The small amount of time lost in strikes, equivalent to the average working lifetime of two men only, shows
that ne serious contliet between capital and labor arose during the census year in this industry. b

The low rate of monthly wages must be qualified by the cousideration that the miner receives the advantages
of low rent and prices of the necessaries of life, and in some eases privileges which cannot be brought into columns
of statistics, but which tend to equalize his eondition with the higher-paid labor of cities.

As stated before, the price of ore in some of the states, notably Georgia, North (Qarolina, Tennessee, Ohio,
Virginia, and West Virginia, is seriously lowered by the fact that it is returned by furnace companies who, in many
cases, include, in the price given, no allowance for royalty nor profit, as they charge it to their furnaces at cost,
‘We have not felt at liberty to change the price fixed by a producer without poesitive information.

The product would replace the capital employed and invested in little more than three years, but the profits
and royalty would require nearly seven and three.quarter years to effect the same result. It requires an investment
of $8 75 on the average to produce a ton of ore yearly, c

The annual product, as will be observed, is but little in excess of one-half of the maximum capacity. The
mines which yield ore {it for the manunfacture of Bessemer steel, however, approach much nearer their greatest
possible yield, “Maximum capacity” means an estimate of what ecould be produced from present developments,
with present appliances, under the stimulus of a pressing demand. It could be attained with an increase of working
capital and labor only. Its excess over real product is partly accounted for by the fact that many new mines went
into operation during the latter part of the year. . '

The following table presents some comparisons with the eensus of 1870:

TABLE 18,

Ohanges in the iron-ore mining industry in the United States during the decade ending June 1, 1880, expressed in d
percentages on the returns of the census of 1870,

. Per conts
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Gain in amount paid a8 wages........ s U Cevmmnnaveaa cemaneannas 39,48
Gain in amount paid for material......... et menasemuensean neinsaaman camasakans aman e et naneamenen 126.33
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Gain in volus of 105A] PrOQNEE.acary veemee cenccnnaraes sassannsamumrssesnsremsnnnassanrss snanonnnrennesnnes 70,48
Gain in tonnage of total Prodied . uuee s coceiaeraeis comurinnmrnn crns tansraanemaa wognsanantnnn cennransease 130,00
Gain in product of regular eatabUBAMENES « oot ve et taaae aenemee smrneneraeaeieene namn e easeaes 108,00
Loss in yearly income of Mman. ... veve vies sonncuacmaannnenn P seis 32,13 ]
Loss in per cont, of value of produet paid for 1aboT...vee cenr eenaaanaaa ot Mt enearasvmedsermssaannsannes 5,19
Gain in per cent. of value of product paid for maberidls .. ..oc.coimn tnemm i i e 4,40
Gain in per cont. of value of product retained for royalty, interest, profits, ete .......... amieamer e e 0.74

The gain in the total number of mine employésy, 110.51 p-er cent., is slightly more than the gain, 108 per cent.,
in the product of the establishments to-which they belong. This arises from the fact that many new mines were
opened in 1879-'80, which were not productive till the labter partof the year. The effectiveness per man has
undoubtedly been increased by the increased use of power, as shown in the large per cent., 189,68, and by the
introduction of improved drilling machinery and high explosives, The census of 1870, unfortunately, affords no
basis for making this important comparison. r

Proportionately more is expended for material and less for labor than was the case in 1870, This arises partly
from the fact that wages ave reduced to net wages, as explained before, and partly from a real increase in consumption
of supplies as mining becomes more systematic and dependent on mechanical appliances,

The average yearly incomes of labor eannot be justly compared, for the same reason that we cannot compare
its effectiveness, 4. 6., because we cannot ascertain the proportion of the yearlost in 1870,

The number of boys employed has inereased at a much more rapid rate than the number of men. They now
constitute 5 per cent. of the entire force, and have increased 348 per cent. in ten years.

The large gain in eapital, 247.61 per cent., is explained by the fauct that all iron-ore producing property was
included in the present census, whether it belonged to the mine operator or was leased or worked on a royalty.
Viewing the iron lands returned as a whole, they are ecapable of keeping up the present annnal yield for na
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a indefinite time, though parts of them may become rapidly exhausted. Ixtending the average royalty of 42 cents
aton to the entire produet, we wounld have a yearly income of over three millions of dollars, or rather more than 6.25
per cent. on the returned value of the real estate. In view of the fact that this income,-though not likely to be
diminished for fifty years to come, is very far from being a perpetual annuity, it will be seen that the present valne
of the real estate is not overestimated,

After taking out the royalty ebarge, if from the remainder of the annual net receipts we deduet an amount
equal to 6 per cent. interest on the working eapital, there is left, in round numbers, the snm of $4,690,000, The
“plant”, consisting of animals, boilers, engines, tools, buildings, cars, tracks, ete., is' subject to a deterioration of
neot far from 30 per cent. yearly. Deducting this, leaves $2,096,000 as the profits and expenses of the general
b managemeny of the business, or a trifle over 9 per eent. of the value of the annual produnet, a proportion which
cannof be called excessive; for it must be remembered that, though the income of the business, as a whole, is a
steady and regnlar addition to our national wealth, each individual mine is subject to interruptions from accidents,
and to exhaustion of the miueral deposit.  Consequently, the netincome of each individnal mine cannot be regarded
as congisting solely of interest, royalty, and profits, but must be charged, for safety, with a certain sum for insurance
against unforeseen contingencies, which would not he necessary if one company owned the entire property.

The conditions of iron-ore mining are so different in different distriets that only the most general avalysis can
be applied to the totals. The above cousiderations show that the general relations between capital and production
spread over owr returns are harmonions, and are given, not so much with a view to prove the healthy condition of
the industry, as to justify the assertion that our valnations of capital ure very far from extravagant, though the
¢ period during which they were made—the summer of 1880—was one of great activity in iron mining.

It may be observed, too, that the real estate which furnishes the ‘‘irregular product” of 909,977 tons is far
from worthless as mineral land, though we have not included it in our valuation. Its principal value, however,

consisty in the fact that it atfords its owners a field for moderately remunerative labor.

The average price per ton has fallen from $3 89 to $2 90, or 25.45 per cent.  As gold averaged about 80 per
cont, above the the pdper dollar in 1870, the trae fall in ivon ore is ouly 14 cents a ton.

Since the last census was taken the average price per ton has changed in the five great states as follows: In
Michigan it Lkas fallen 15 per cent.; in Missouri it has risen 56.32 per cent.; in New Jersey it has fallen 30 per cent.;
in New York it has fallen 29 per cent.; in Pennsylvania it has fallen 35 per cent. These irregularities are chiefly
due to the increased demand for orves suitable to the manufacture of Bessemer steel.

d '
TABLE 19.—List of iron-ore producing states in order of the production of 1880.

Py ;
" Por cent. of | Per cent. of . Ter cent. of | Per cent. of
States. l'i)%%lét Lotal total value i . States, g:;“lml_t total total value
! . product. | of product. } produck. product, | of product.
Tons. ! . Tons. .
1 | Ponnsylvanin 2,185, 675 27. 407 23,817 || 18 | Massachusetis..\eeveiieniinennn 62, 637 0.785 0. 077
2 Mic}ﬂg&n . 1,887,712 23, 044 28,051 || 14 | 'Wost Virginin....ceveeeniaanan, 61, 216 0. 707 0. 30
3 | New York... 1,202, 127 15. 827 16,776 || 16 | Wisconsin 41, 440 0. 519 0. 416
4| NewW JOrs8y..cnee: cnsnrnennnanncns . TT,ET 0.407 12,694 | 16 | Connecticut 85,018 0. 430 0 IR
BLOBIO eeimv it 647, 403 6: 864 5,480 1| 17 | OTOZOM vevvervvnrneivcmisccarenns 6,072 0. 087 0. w20
[
6 | Missourieeceesiariernniiionnnncan. 880, 197 4, 843 7.230 18 6, 000 0. 073 0. R
71 AlaDAMA veneenivnieeeinnananannaa 191, 676 2,404 0.872° 1110 A 8, 600 0. 046 0,005
8| Virginis......... 182, 326 2. 280 1800 ! 20 North Caroling .....ooeen\ . e 3,818 0. 041 [UR DX
9 | Maryland........ . 139, 628 1751 1820 21 [ Delaware .ooueiinieiinaianceans 2,720 0. 034 ‘ 0, U2
10 | Tennesseo 104, 465 1, 410 0,638 | 22 | Vermont...... 4 emeneranbeanernrane 560 0, 007 0. 61
11 | Georgin....... . . 01,416 1 147 0.621 11 23 | IndinR. coreveniaiinieianvaaas 613 0. 007 0. 04
12 | Kentucky G4, 800 0.813 0.718 The United States........... 7,971, 700
, ' Tasre 20.
£ The rank of the 16 states reported in the census of 1870, as producers of iron ore, was as follows:
1, Pennsylvania. ) 5. Ohio. 9. Massachusetts. . 13, Vermont.
2. Michigan. 6. Missonri. 10. Wisconsin, 14, North Carolina,
3. New York, 7. Maryland, 11, Kentucky. - 18, Delaware.
4, New Jersey. 8. Tenneasce. © 1R Virginia. 16. Indiana,

The 6 great iron states retain in 1880 their former relative rank, and Alabama, a new state, takes the rank
next them. Pennsylvania and Michigan yield over one-half the entire product. The 6 gtates at the head of the
list yield 87.48 per cent. of the total, which is worth 90.94 per cent. of the total value. Sixteen states were reported
in 1870 against 23 at present. The new iron-producing states are Alabama, Georgia, West Virginia, Connecticut,
Oregon, Maine, and Texas. They produce 4.96 per cent. of the product. Virginia has gained four places ; Maryland
and Tennessee have lost two, Massachusetts four, and Kentucky one.
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TABLE 21.—List of counties of the first class producing over 100,000 tons. a
County. . State. Tons. County. Stato. Tons.
1| Margquetto....... Michigan ... 1,846,865 | 8 | Blalreeseavaunnun. .| Pennsylvanit. .. ..cevannnan. 154, 014
2] TBBOX. caceennenae Now York.. 031,807 || 0 | Sainf Frangoeis.... .1 Nissouri 144, 265
B | MOrris ..rvaveivnirenarinnninsanans NoWw JOrsey..oneesversannnns 568,420 || 10 § LAWIONO0O «envenrennnnmrrmneennens [ L P 180, 404
4| Menomines..ceereerosnnracrsennan Miohigan cueveeiiuane [T 401,847 | 11 ; Dutchess ..ovinineniiunimraaanen New York..oovovmeret nnunss 126, 654
5 | Lehigh Pennsylvania.. 410,700 || 12 | Northampton ..covvvevreneaanians Pennsylvanis ..ovoeeennn.. 22, 5206
6] Borkh..oovusonmieiannie e do.oeeenen R R 304,954 Total of 12 counties 0f the 18t {vuerrenrrieiiensinn cenvemnnnn 4, 860,510
T | LoDanon «ueeer cevenesnecarnennennsfinnaes [ I, vesemaens 285, 620 class. ]

. The 12 counties above produced 61.06 per cent. of the entire tonnage, of which total Marquette county, b
Michigan, must be credited with 16.88 per cent. ,

Menominece county, Michigan, is the only one of the above which did not produce iron ore in 1870, The total
number of counties from which reports have been received and tabulated is 135, against 71 in 1870, a gain of a little

over 90 per cent.

TABLE 22.—List of counties of the second olass producing less than 100,000 tons and over 50,000 fons,

County. State, Tons. N County. State, Tons,
13 | Clinton ... New York 02,160 || 21 | York cunevniinnnnss Pennsylvanin 70, 058
I 017« S ) L1 00,742 | 22 | Jeflorson ....vunu.. Neow York.eeeannnn 04,111
16 | Crawtord veeinnneiiiiiciiaeaaan Missouri 87,083 || 28 | Berkshire ....... Massachusebts. coooweiuanna. 02, 637
18 | Putnam........ tieraraseesesinnias Now York.evecuiaarannnane, 04,117 | 24 | Denb . ovvivainnen MiBBONIL. seveer sanoraarna 08, 878
A e T LT ITTIRISIN Now JOr80Y «cvessraneruisa. 80,000 |[ 26 ] Tron vveenveircnmianrcnnenenveenifieanns QO crrverrncnrrrnreinnes 67,207
i

18 | LANCASEOL vveuceenavenennssnasnann Penngylvania 78,850 || 20 | WAITON..vvvvanumrrasanesaerocnnne 50, 214
10} Fayotto...cun. semneeeanees 76,140 Total of the 14 countios of tho 1, 050, 823
20 | Cumberland .ovvvnneenianmersinaes|ianes el snvannraen 75,0156 24 cluss.

The above 14 counties, in 5 states, produce 13.25 per cent. of the entire product. The 26 leading counties
produce 74,31 per eent. of the entire product, leaving 25,69 per cent. to be spread over the remaining 109 eounties.
The following table containg a list of all mines or industrial establishments producing over 50,000 tons during d

the census year, in the order of their production:

TaBLE 23,
State. County, Nawe of mino. Product. | o 3;‘,‘.}!‘1‘30& Employés,
Tons.
.| Lebanon ........ Cornwall Ore Bank ....couolennn.. Camme 280, 000 $500, 000 135
Marquette ..... JRepaLUE o eeare i e rveeas 224, 000 800, 600 600
...... A0 ereevennnnnns .| Lake Superior Iron Company...ee-.. ceevramas 216, 930 771, 180 642
Menomineo veveesae. Norway & Cyelops [T, 210, 876 527, 187 510
FHH0X .« v cnenneenrsnanenvnnrnens Ol Bed...oosieiiiaineennncsascrncarennas tnansrenny 208, 410 i 744, 844 821
Mine 2L .vecennn. 187, 448 288, 6525 282
Jron Mouniain 144, 168 1, 0601, 801 300
TOACKSOL vanvenrvnerenrssmnmnennnisasssaas 184, 585 500, 682 252
Cloveland Iron Mining COmpany «veeseveninancanas 125, 440 448, 000 450
CrOWI Polnttceneeiismesnacanarsuacsurnessannnnnas 112, 000 500, 000 450
Miehigan .ovvuniiinneiiaiiiiainias Champion ....... [P - 99, 600 850, 748 850
NeW JorB6Y . eecereeesvesnsesnnnnnes .| Glendon Hibernia . 85, 623. 382,246 650
MUChIZAN cevirrvrarinransesnnennnas . Vulean ..couvanunan 83, 804 208, 485 200
Do.... .| Michigamme ...... 06,158 219, 652 107
Do..., QUINNEBOO0.. v cvnmvnanniannisnriaaitinans annae 03, G8Y 160, 220 178
b SEET0 ) N Merimeg Tron Mining COmPADY «veivvavvemronmnnns 60, 385 134,788 184
New York.. Tilly Fostor Tron Mines «..vveesciennncannnan cammee 66, 000 181, 600 250
Missouri...... B30 10 1) P S 52, 761 115, 093 410
NOW TOIBOY - e enerenrnrraransannnns MOUNE FIODO e vnvreransrcanrarnnsocesaasrans sannes 50, 870 204, 390 104
TTOLAL. e nee v annnsemersoennes|snnsesnnonnncnanancannersonrsvssasmcfonnsuannassnnseonsonnansesasserntonsantannsanesinens 2,460, 845 8, 222, 640 6, 855

The preceding 19 mines yielded 34.85 per cent. of the entire tonnage of the “regular mines”, the value of which

reached 40.16 per cent. of the value of the total. .
per cent. of the entirg force, as it is generally worked more continuously and at higher wages.

The labor employed by them, however, aggregates only 20.06
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The product of the Cornwall Ore Bank was 3.97 per cent. and of the Republic 8.17 per ceut. of the entire
product of the regular mines.

One hundred and seventy-four mines have been opened during the census year, or 21.6 per cent. of the total
reported. :

During the census year the iron-mining industry consumed 6,907,931 linear feet of round timber for props, ete.,
valued at $114,951; 8,625,463 superficial fect of sawed lumber, valued at $128,110; and 88,443 cords of wood for
fuel, valued at $177,309; all of which is included in the gross amount of materials used. )
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